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'CONSTITUTION OF THE ASSOCIATION.®

OBJECTS.

THr Association shall be called “ The American Associa-
‘tion for the Advancement of Science.” The objects of the
-Association are, by periodical and migratory meetings, to pro-
mote intercourse between those who are cultivating science in
-different parts of the United States; to give a stronger and
more general impulse, and a more systematic direction, to sci-
entific research in our country; and to procure for the labors
of scientific men increased facilities and a wider usefulness.

MEMBERS.

RuLe 1. Members of scientific societies or learned bodies
having in view any of the objects of this Association, and
publishing transactions, shall be considered members on sub-
scribing these rules.

Ruie 2. Collegiate professors, also civil engineers and archi-
tects who "have been employed in the construétion or superin-
tendence of public works, may become members on subscribing
these rules.

RuoLe 3. Persons not embraced in the above provisions may
become members of the Association upon recommendation in

# Adopted August 96, 1856, and ordered to go into effect at the opening of the
Montreal Meeting.
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writing by two members, nomination by the Standing Com-
mittee, and election by a majority of the members present.

OFFICERS.

RuLe 4. The officers of the Association shall be a Presi-
dent, Vice-President, General Secretary, Permanent Secretary,
and Treasurer. The President, Vice-President, General Sec-
retary, and Treasurer, shall be elected at each meeting for the
following one; — the three first-named officers not to be re-
eligible for the next two meetings, and the Treasurer to be
reéligible as long as the Association may desire. The Perma-
nent Secretary shall be elected at each second meeting, and
also be reéligible as long as the Association may desire.

MEETINGS.

RuLe 5. The Association shall meet, at such intervals as it
may determine, for one week or longer — the time and place
of each meeting being determined by a vote of the Associa-
tion at the previous meeting; and the arrangements for it
shall be intrusted to the officers and the Local Committee.

STANDING COMMITTEE.

RuLk 6. There shall be a Standing Committee, to consist
of the President, Vice-President, Secretaries, and Treasurer of
the Association, the officers of the preceding year, the perma-
nent chairmen of the Sectional Committees, after these shall
have been organized, and six members present from the Asso-
ciation at large who shall have attended any of the previous
meetings, to be elected upon open nomination by ballot on
the first assembling of the Association. A majority of the
whole number of votes cast to elect. The General Secretary
shall be Secretary of the Standing Committee.

The duties of the Standing Committee shall be, —

1. To assign papers to the respective sections.
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2. To arrange the scientific business of the general meet-

ings, to suggest topics and arrange the programmes for the
‘ evening meetings.

3. To suggest to the Association the place and time of the
next meeting.

4. To examine, and, if necessary, to exclude papers.

5. To suggest to the Association subjects for scientific
reports and researches.

6. To appoint the Local Committee.

7. To have the general direction of publications.

8. To manage any other general business of the Associa-
tion during the session, and during the interval between it and
the next meeting.

9. In conjunction with four from each Section, to be elected
by the sections for the purpose, to make nominations of offi- .
cers of the Association for the following meeting.

10. To nominate persons for admission to membership.

11. Before adjourning, to decide which papers, discussions,
or other proceedings shall be published.

SECTIONS.

RuLe 7. The Association shall be divided into two Sec-
tions, and as many sub-Sections as may be necessary for the
scientific business, the manner of division to be determined by
the Standing Committee of the Association. The two Sec-
tions may meet as one.

SECTIONAL OFFICERS AND COMMITTEES.

RuiLe 8. On the first assembling of the Section, the mem-
bers shall elect upon open nomination a permanent chairman
and secretary, also three other members, to constitute, with
these officers, a Sectional Committee.

The Section shall appoint, from day to day, a chairman to
preside over its meetings.

RuLe 9. It shall be the duty of the Sectional Committee
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of each Section to arrange and direct the proceedings in their
Section ; -to ascertain what communications are offered; to
assign the order in which these communications shall appear,
and the amount of time which each shall occupy.

The Sectional Committees may likewise recommend sub-
jects for systematic investigation by members willing to under-
take the researches, and to present their results at the next
meeting.

The Sectional Committees may likewise recommend reports
on particular topics and departments of science, to be drawn
up as occasion permits, by competent persons, and presented.
at subsequent meetings.

REPORTS OF PROCEEDINGS.

RuLe 10. 'Whenever practicable, the proceedings shall be
reported by professional reporters or stenographers, whose
reports are to be revised by the secretaries before they appear
in print.

PAPERS AND COMMUNICATIONS.

Ruie 11. No paper shall be placed in the programme, un-
less admitted by the Sectional Committee; nor shall any be
read, unless an abstract of it has been previously presented
to the Secretary of the Section, who shall farnish to the chair-
man the titles of papers of which abstracts have been received.

RoLk 12. The author of any paper or communication shall
be at liberty to retain his right of property therein, provided he
declare such to be his wish before presenting it to the Associ-
ation.

Ruie 13. Copies of all communications, made either to the
General Association or to the Sections, must be furnished by
the authors; otherwise only the titles or abstracts shall appear
in the published proceedings.

RuLe 14. All papers, either at the general or in the sec-
tional meetings, shall be read, as far as practicable, in the

B
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order in which they are entered upon the books of the Asso-
ciation; except that those which may be entered by a member
of the Standing Committee of the Association shall be liable
to postponement by the proper Sectional Committee.

Ruie 15. If any communication be not ready at the as-
signed time, it shall be dropped to the bottom of the list, and
shall not be entitled to take precedence of any subsequent
communication. \

Rurk 16. No exchanges shall be made between members
without authority of the respective Sectional Committees.

GENERAL AND EVENING MEETINGS.

Rure 17. The Standing Committee shall appoint any gen-
eral meeting which the objects and interests of the Associa-
tion may call for, and the evenings shall, as a rule, be reserved
for general meetings of the Association.

These general meetings may, when convened for that pur-
pose, give their attention to any topics of science which would
otherwise come before the Sections.

It shall be a part of the business of these general meetings
to receive the Address of the President of the last meeting ;
to hear such reports on scientific subjects as, from their gen-
eral importance and interests, the Standing Committee shall
select; also to receive from the chairmen of the Sections
abstracts of the proceedings of their respective Sections; and
to listen to communications and lectures explanatory of new
and important discoveries and researches in science, and new
inventions and processes in the arts.

ORDER OF PROCEEDINGS IN. ORGANIZING A MEETING.

RuLk 18. The Association shall be called to order by the
President of the preceding meeting, and this officer having
resigned the chair to the president elect, the General Secretary
shall then report the number of papers relating to each depart-
ment which have been registered, and the Association consider
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the most eligible distribution into Sections, when it shall pro-
ceed to the election of the additional members of the Stand-
ing Committee in the manner before described ; the meeting
shall then adjourn, and the Standing Committee, having
divided the Association into Sections as directed, shall allot to
each its place of meeting for the Session. The Sections shall
then organize by electing their officers and their representa-
tives in the Nominating Committee, and shall proceed to
business.

PERMANENT SECRETARY.

Ruik 19. It shall be the duty of the Permanent Secretary to
notify members who are in arrears, to provide the necessary
stationery and suitable books for the list of members and titles
of papers, minutes of the general and sectional meetings, and
for other purposes indicated in the rules, and to execute such
other duties as may be directed by the Standing Committee
or by the Association.

The Permanent Secretary shall make a report annually to
the Standing Committee, at its first meeting, to be laid before
the Association, of the business of which he has had charge
since its last meeting.

All members are particularly desired to forward to the
Permanent Secretary, so as to be received before the day
appointed for the Association to convene, complete titles of
all the papers which they expect to present during its meeting,
with an estimate of the time required for reading each, and
such abstracts of their contents as may give a general idea of
their nature.

Whenever the Permanent Secretary notices any error of
fact or unnecessary repetition, or any other important defect

in the papers communicated for publication in the proceedings
" of the Association, he is authorized to commit the same to
the author, or to the proper sub-committee of the Standing
Commiittee for torrection.
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LOCAL COMMITTEE.

RuiLe 20. The Local Committee shall be appointed from
among members residing at or near the place of meeting for
the ensuing year ; and it shall be the duty of the Local Com-
mittee, assisted by the officers, to make arrangements and the
necessary announcements for the meeting.

The Secretary of the Liocal Committee shall issue a circular
in regard to the time and place of meetings, and other partic-
ulars, at least one month before each meeting.

SUBSCRIPTIONS.

Ruie 31. The amount of the subseription, at each meeting,
of each member of the Association- shall be two dollars, and
one dollar in addition shall entitle him to a copy of the pro-
ceedings of the annual meeting. These subscriptions shall be
received by the Permanent Secretary, who shall pay them
over, after the meeting, to the Treasurer.

No person shall be considered a member of the Association
until the subscription for the meeting at which he is elected
has been paid.

RuiE 22. The names of all persons two years in arrears for
annual dues shall be erased from the list of members; pro-
vided that two notices of indebtedness, at an interval of at
least three months, shall have been previously given.

ACCOUNTS.

RuLg 23. The accounts of the Association shall be audited
annually, by auditors appointed at each meeting.

ALTERATIONS OF THE CONSTITUTION.

Ruis 24. No article of this constitution shall be altered, or
amended, or set aside, without the concurrence of three fourths
of the members present, and unless notice of the proposed
change shall have been given at the preceding annual meet-

ing.




RESOLUTIONS

OF A
PERMANENT AND PROSPECTIVE CHARACTER,

ADOPTED AUGUST 19, 1857,

1. No appointment may be made in hehalf of the Association, and
no invitation given or accepted, except by vote of the Association or
its Standing Committee.

2. The General Secretary shall transmit to the Permanent Secre-
tary for the files, within two weeks after the adjournment of every
meeting, a record of the proceedings of the Association and the votes
of the Standing Committee. He shall also daily, during the meetings,
provide the chairmen of the two sectional committees with lists of the
papers assigned to their Sections by the Standing Committee.

8. All printing for the Association shall be superintended by the
Permanent Secretary, who is authorized to employ a clerk for that
especial purpose. :

4. The Permanent Secretary is authorized to put the proceedings
of the meetings to press one month after the adjournment of the Asso-
ciation. Papers which have not been received at that time may be
published only by title. No notice of articles not approved shall
be taken in the published proceedings.

5. The Permanent Chairmen of the Sections are to be considered
their organs of communication with the Standing Committee.

6. It shall be the daty of the Secretaries of the two Sections. to
receive copies of the papers read in their Sections, all subsections
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included, and to furnish them to the Permanent Secretary at the close
of the meeting.

7. The Sectional Committees shall meet not later than 9 A. m. daily
during the meetings of the Association, to arrange the programmes of
their respective Sections, including all subsections, for the following
day. No paper shall be placed upon these programmes which shall
not have been assigned to the Section by the Standing Committee.
The programmes are to be furnished to the Permanent Secretary not
later than 11 A. M.

8. During the meetings of the Association the Standing Committee
shall meet daily, Sundays excepted, at 9 A.m., and the Sections be
called to order at 10 A.M., unless otherwise ordered. The Standing
Committee shall also meet on the evening preceding the first assem-
bling of the Association at each annual meeting, to arrange for the
business of the first day, and on this occasion three shall form a
quomm

. Associate members may be admxtted for one, two, or three years,
a3 they shall choose at the time of admission, — to be elected in the
same way a8 permanent members, and to pay the same dues. They
shall have all the social and scientific pnvﬂeges of members, without
taking part in the business.

10. No member may take part in the orgamza.tlon and business
arrangements of both the sections.
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Nors. — Names of deceased members are marked with an astensk (*); and those
of members who, in 1840, formed the original * Association of American Geolo-
gists,” are in small capitals. The figure at the end of each name refers to the meet-
ing at which the election took place.

A‘

Abbott, Gorham D., New York [7].
Abert, Col. J. J., Washington, D. C. [1].

*Adams, Prof. C. B., Amherst, Massachusetts [1].
Adamson, J. C., New York [7].
Agassiz, Prof. Louis, Cambridge, Massachusetts [1].
Alexander, Prof. Stephen, Princeton, New Jersey [1].
Allen, Prof. E. A. H., New Bedford, Massachusetts [6].
Allen, George N., Oberlin, Ohio [5].
Allen, John H., Oxford, Maryland [6].
Allen, Nathaniel T., West Newton, Massachusetts [10].
Allen, R. L., M. D., Saratoga Springs, New York [10].
Allen, Zachariah, Esq., Providence [1].
Allston, R. F. W., Esq., Georgetown, South Carolina [8].
Allyn, Rev. Robert E., Greenwich, Rhode Island [9].
Ames, Bernice D., Fort Edward, New York [10].
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*Ames, M. P., Esq., Springfield, Massachusetts [1].
Amory, Jonathan, Jamaica Plains, Massachusetts [8].
Anderson, Pres. M. B., Rochester, New York [10].
Andrews, Alonzo, Lewiston, Maine [7].

Andrews, Dr. E. H., Charlotte, North Carolina [3].
Andrews, Prof. E. B., Marietta, Ohio [7].

Andrews, Israel W., Marietta, Ohio [11].

Anthony, Charles H., Esq., Albany [6].

Anthony, Henry, Providence [9].

Anthony, J. G., Esq., Cincinnati, Ohio [1].

Appleton, Nathan, Esq., Boston [1].

Appleton, Thomas G., Boston [8].

Arden, Thomas B., Garrison’s P. O., Putnam Co., New York [7 ]
Armour, A. H., Toronto, Canada [10].

Armsby, Prof. J. H., Albany [6].

Astrop, R. F., Crichton’s Store, Burns Co., Virginia [7].
Atterbury, Rev. John G., New Albany, Indiana [11].
Austin, Samuel, Providence [9].

B.
Baby, G., Montreal [11].
Bache, Prof. Alexander D., Washington, D. C. [1].
Bache, Dr. Franklin, Philadelphia [1].
Bacon, Dr. John, Jr., Boston [1].
Bacon, William, Richmond, Berkshire Co., Massachusetts [7].
Bagg, Moses M., Utica, New York [4].

*Bailey, Prof. J. W., West Point, New York [1].

Baird, Prof. 8. F., Washington, D. C. [1].
Baldwin, F. H., Waverly, New York [10].
Barber, Edgar A., Albany, New York [10].
Barlow, Thomas, Canastota, New York [7].

Barnard, Pres. F. A. P., Oxford, Mississippi [7].

- Barnes, Capt. James, Springfield, Massachusetts [5].
Barnston, Dr. James, Montreal, Canada [10].
Barratt, Dr. J. P., Barrattsville, South Carolina [3].
Barrows, George B., Fryeburg, Maine [7].

Bartlett, J. R., Providence [8].
Bartlett, Prof. W. H. C,, West Point, New York [9].
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Barton, Dr. E. H., New Orleans [9].
Bassnett, Thomas, Ottawa, Illinois [8].
Batchelder, J. M., Cambridge, Massachusetts' [8].
Baudry, J. H., Montreal [117]:
Baylis, James, Montreal [11].
Beadle, Dr. E. L., New York [1].
Beadle, Rev. E. R., Hartford, Connecticut [10]."
Bean, Sidney A., Waukesha, Wisconsin [9].
Beck, Dr. C. F., Philadelphia [1].
*BeCK, Prof. LEwis C., New Brunswick, New Jersey [1].
*Beck, Dr. T. Romeyn, Albany [1].
Bell, Samuel N., Manchester, New Hampshnre [7})
Belle, Charles E., Montreal [11].
Benedict, Erastus C., New York [10].
Benedict, F. N., Parisippany, New Jersey [1].
Benedict, Dr. N. B, New Orleans [10].
Bent, Silas, U. 8. N., New York [10].
Berezy, William, Daillehaat, Canada East, [11].
Bernard, Dr. A., Montreal [11].
Bidwell, Walter H., New York [11].
Bigelow, Artemas, Newark, New Jersey 9.
Billings, E., Montreal [11].
*Binney, Dr. Amos, Boston [1]
Binney, Amos, Esq., Boston {93.
$Binney, John, Esq., Boston [3].
Blackie, Dr. George S., Nashville, Tennessee [107.
Blackmarr, Rev. Henry, Rochestet, New York [11].
Blake, Rev. C. M., Chiki [11].
Blake, Eli W., New Haven, Connecticut [1].
Blake, J. R., LaGrange, Tennessee [10].
Blake, William P., Esq., Washington, D. C. {2].
*Blanding, Dr. William, Rhode Island [1].
Blatchford, Dr. Thomas W., Troy, New-York [6].
Bolton, James, Richmond, Virginia {107].
*Bomford, Col. George, Washington, D. C. [1].
Bonar, Rev. J. B, Montreal [11].
Bond, George P., Esq., Cambridge, Massachusetts [2].
Bond, William C., Esq., Cambridge, Massachusetts [2].
¢
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Bonnycastle, Sir Charles, Montreal, Canada [1].
Borland, J. N., M. D., Boston [9].

Botta, Prof. Vincenzo, New York [9].

Bouve, Thomas T., Boston [1]. .

Bowditch, Henry J., M. D., Boston {2].

Boyden, Uriah A., Esq., Boston [2]. -

Boynton, John F., Esq., Chicago, New Yoik [4]
Bradford, James C., M. D., Elyria, Ohio [117. .
Bradford, George W., Homer, New York [10] ‘
Brainerd, Prof. Jehu, Cleveland, Ohio. [5].- D
Braithwaite, Rev. Joseph, Chanhly, Canads Wd!t [11].
Brant, James R., New York {9].. :

Breevort, J. Carson, Brooklyn, New York: [L]
Brewer, Fisk P., New Haven [11]. ‘

Briston, William, Montreal [11]. ‘
Brocklesby, Prof. John, Hartford, Counooﬁeat [4]
Brooks, Rev. Charles, Bosfon {9}. ~ .77 -~ =
Bross, William, Chicago, Tllinois {7].

Brown, Andrew, Esq., Nafchez, Muawa:m [l]
Brown, John C., Esq., Providenes [9]."

Brown, Richard, Esq., Syduey, Cepe Breton [l]f -

Brown, Robert, Jr., New Havea {11}. ..
Brown, Prof. W. Leroy, Athens, Georgin [#].
Brunnow, Prof. F., Aun Arbor, Michigan {107}
Brush, George I, New Haven [11}. -~ . ¢ .
Brush, George S., Montreal [11]. :
Buchanan, Robert, Eeq., Cineinnati, Ohio [2].
Buell, David, Jr., Troy, New York {6).-
Bulkley, John W., Brooklyn, New Yerk {16} . -
Bullard, Edward ¥., Waterford, New York [: l(f].
Burnett, Waldo L, Esq., Boston [1}: = . ...
Burton, Dr. C. V. W., Lansingburg; New York [6]
Busher, James, Worcester, Massachusetts [9].

Butler, Hon. Thomas B., Norwalk; Connecticat [10].. -
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C.

Cabell, Prof. James L., University of Virginia [6].
Cady, Rev. Calvin B., Alburgh, Vermont [11].
Campbell, John, New York {10].

Campbell, A. D. Montreal [11-}.

Campbell, Prof. Getige W., Moatreal [11].
Campbell, W. D., Quebec [11]. -

Cartier, Hon. G. E., Montreal [11]. -

Carley, S. T., Esq., Cincinnati, Ohio [5].

*Carpériter, Thoraten, Camden, South Carolins [7].

*Carpenter, Dr. William M., New Orleanl [1] :

Carr, E. S., Albany [9]. o
Case, Hon. William, Cleveland, Olno (6 .- .
Cassells, Prof. J. L., Cleveland, Ohio [7]).’ '
Caswell, Prof Alexis; Providenee 2} -

Cavert, Michael P., Amsterdam, New York [10}. o
Chadbourne, Prof. P. A, Williamitown, Masamhulm {10].
Chamberlain, Frank, Albauy [10]. * ‘ .
Chamberlin, B. C., Montread [11]. e -
Channing, William F., Eaq., Boston {2] : '
Chapin, L. C., New Haven, Connectiout [11]

*Chapman, Dr. N., Philadelphia [1]. R R,
Chapman, Prof. C. B, Matison,: Wiseonsin (m] -
Chapman, Prof. Edward; Jt., Torento {117, :
Chase, Rev. Benj., Natchez, Misgissippi {7].

Chase, Prof. George 1., Providence [1].

*Chase, Prof. 8., Dartnouth, New Hampshire [2]
Chauveau, Pierre L ., Moatreal, Canada [10].
Chauvenet, Prof. William, Annapolis, Maryland [1]
Cherriman, J. B Toronto, Canada [9]. .
Chesbrough, E. S, Chicage, Illinois [2].

Choate, Charles Frarcis, Cambridge, Massachusetts [73.
Church, Prof. A. E., West Paint, New York {10].
Clapp, Dr. Asahel, New Albany, Indiana [1].

Clark, Alvin, Esq., Cambridgeport, Massachusetts [4].
Clark, Joseph, Esq., Cincinnati, Ohio [5].

Clark, Lester M., Canandaigua, New York [10].



xxviii MEMBERS OF THE. ASSOCIATION.
. :

Clark, Maj. M. Lewis, St. Louis, Missouri [5].
Clark, Prof. James, Georgetown, D. C. [8].
Clarke, Robert, Cincinnati, Ohio [7].
Cleaveland, Prof. C. H,, Cincinogti, Ohio [9]. .
Cleghorn, Rev. E. B., New Orleaps [11], . - o
Clement, H. H., Providence [9]. , :
*Cleveland, Dr. A. B., Cambridge, Massachusetts [2].
Clum, Henry A., New York [9],
Coates, Dr. B. H., Philadelphia [1].
Cochran, J. W., New York [11].
Coffin, Prof. James H., Easton, Pengsylvania [1].
Coffin, Prof. John H, C., Aunapolis, Maryland [1]..
Cogswell, Dr. Mason F., Albany [4]. .
*Cole, Thomas, Esq., Salem, Massachusetts [1]. = .
*Coleman, Rev. Henry, Boston [1]. o
Collier, Prof. G. H., Wheaton, Illinpis [11]. |
Collins, Dr. George L., Providence [9]. .
Collins, C., Carlisle, Pennsylvania []1].
Colton, Rev. Willis S., Wethersfield, Conpeoticut, [8].
Comfort, G. F., Middletown, Connecticut [10],
Comstock, J. C., Hartford, Connecticut [11].. .
Conant, Marshall, South Bridgewater, Massachusetta [7].
Congdon, Charles, Esq., New York {1].
Conkling, Frederick A., New York [11].
Cook, Prof. George H., New Brunswick, New Jersey [6].
Cooley, James E., New York [10]. .
Cooper, Dr. J. G., Orange, New Jersey [10]. -
Cooper, William, Hoboken, New Jersey [9]. C
Copes, Joseph S., M. D., New Orleans [11]. | .
Cordner, Rev. John, Montreal [11]. ) o,
Corning, Hon. Erastus, Albany [6].
Cottle, Thomas J., Woodstock, Upper Canada 10]. ,
Couper, J. Hamilton, Esq., Darien, Georgia [1]. .
Cowan, Dr. J. P., Montreal [11]. .
Craik, Robert, M. D., Montreal [11]. t ,
Cramp, J. M., Acadia College, Nova Scotia [11].
Crandall, Pardon S., Troy, New York [10].
Croft, Prof. Henry, Toronto [11}. -
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Crosby, Alpheuns, Hanover, New Hampshire [10].
Croswell, Edwin, Albany [6].

Cruikshank, James, Albany [10].

Cummings, William M., New York [11].

Curley, Prof. James, Georgetown, D. C. [8].
Curry, Rev. W. F., Geneva, New York [11].
Cunynghame, Thurlow, Montreal [11].

Curtis, Jasper, St. Albans, Vermont [11].

D.

Dalrymple, Rev. E. A., Baltimore, Maryland [11].

Dalton, Prof. John C., Jr., New York [11].

Dana, Prof. James D., New Haven, Connecticut [1].

Danforth, Edward, Clarence, New York [11].

Daniels, Edward, Madicon, Wisconsin [7].

Dascomb, Prof. James, Oberlin, Ohio [7].

Davenport, Rev. James R., Albany [6].

Davidson, Robert, New Brunswick, New Jersey [10].

David, A. H., M. D., Montreal [11].

Davies, Prof. Charles, Fishkill Landing, New York [10].

Davies, W. H. A,, Montreal [11]. -

Davies, W. H., Toronto [11].

Davis, James, Jr., Esq., Boston [1].

Davis, Prof. N. K., Marion, Alabama [9].

Dawson, Prof. J. W., Montreal, Canada [10].

Dayton, A. O., Esq., Washington, D. C. [4].

Dayton, Edwin A., Madrid, St. Lawrence Co., New York [7].

Day, Charles D., Montreal [11].

Day, John J., Montreal [11].

Dean, Prof. Amos, Albany [6].

Dean, Philotus, Alleghany City, Pennsylvania [7].
*Dearborn, Gen. H. A. S., Roxbury, Massachusetts [1].
*DeKay, Dr. James E., New York [1].

Delafield, Joseph, Esq., New York [1].

Delano, Joseph C., Esq., New Bedford, Massachusetts [5].-

Delavan, Edward C., Albany [10]. '

Devol, Charles, Albany [10].

Dewey, Prof. Chester, Rochester, New York [1]..

o *



-
'

XXX MEMBERS OF THE AS800CIATION,

De Wolf, Prof. John, Bristol, Rhode Island [9].
Dexter, George, Albany [10].

Dexter, James, Albany [6].

Dexter, G. M., Boston [11].

Dickinson, John W., Westfield, Massachusetts [10].
Dickson, Andrew, Kingston, Canada [11].

" Diehl, Rev. Israel S., Sacramento, California [10].
Dinwiddie, Robert, Esq., New York [1].
Disturnell, John, New York [11].

Dixwell, Epes S., Esq., Cambridge, Massachusetts [1].
Doolittle, Rev. L., Lenoxville, Canada East [11].
Doremus, R., Ogden, New York [10].

Douglass, Prof. Silas H., Ann Arbor, Michigan [6].
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Downes, John, Washington, D. C. [10].

Doyle, John P., Montreal [11].
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Elin, Frederick, London [11].
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Ely, Charles Arthur, Esq., Elyria, Ohio [4].




MEMBERS QF THE ASS80CIATION. xXxxi

Ely, Dr. J. W. C,, Providence [9].

Emerson, George B., Esq., Boston [1].

Eumons, Dr. EBENEZER, Williamstown, Massachusetts [1].
Emory, Col. William H., U. S. A., Washington, D. C. [5].
Engelmann, Dr. George, St. Louis, Missouri [1].
Engstrom, A. B., Esq., Burlington, New Jersey [1].
Estes, Dr. D. C., Albany [10].

Eustis, Prof. H. L., Cambridge, Massachusetts [2]

Evans, Prof. John, M. D., Chicago, Iilinois [3].

Everett, Hon. Edward, Boston [2].

Ewing, Hon. Thomas, Lancastex, Ohio [5].

F.
Fairchild, Charles, Madison, Wisconsin [11].
Fairchild, Prof. J. H., Oberlin, Ohio [5].
Fairfield, J. W., Hudson, New York [10].
Fairie, James; Bastross, Morehouse Parish, Louisiana [7].
Fairly, Dr. David, Glasgow, Scotland [11].
Farmer, Moses G., Boston [9].
Farnham, Prof. J. E., Georgetown, Kentucky [7].
Fay, Rev. Charles, St. Albans, Vermont.[11].
Fearing, Dr. E. P., Nantucket, Massachusetts [8].
Fellows, Joseph, Albany [10].
Ferland, J. B. A., Quebec {11].
Ferrel, William, Nashville, Tennessee [117.
Ferris, Rev. Dr. Isaac, New York [6].
Feuchtwanger, Dr. Louis, New York [11].
Fillmore, Millard, Buffalo, New York [7].
Fisher, Mark, Treaton, New Jersey [10).
Fisher, Prof. George P., New Haven [11].
Fisher, Dr. N. A., Norwich, Connecticut [9].
Fisher, Robert A., Providence [9].
Figk, Prof. L. R., Ypsilanti, Michigan [10].
Fitch, Edward H., Ashtabula, Obio [11].
Fitch, Alexander, Esq., Hartford, Connecticat [1].
Fitch, O. H., Ashtabula, Ohio [7].
Folsom, George, New York [11].
Foote, Elisha, Seneca Falls, New York [10].



xxxii MREMBBRS OF-THE AS880O0IATION.

Force, Col. Peter, Washington, D. C. [4].

Forshey, Prof. Caleb G., Rutersville, Texas [7].
Fosgate, Blanchard, M. D., Auburn, New York [7].
Foster, J.- W., Esq., Monson, Maseachusetts [1].
Foster, Prof. John, Schenectady, New York [1].
Fowle, William B., Esq., Boston [1].

*Fox, Rev. Charles, Grosse Isle, Michigan [7].
Francfort, Dr. E., Middletown, Connecticut [9].
Franklin, Danforth, Buffalo, New York [11].
Fraser, Hugh, Montreal [11].

Fraser, Prof. W., M, D., Montreal [11].

Frazer, Prof. John F., Philadelphia [1].

Freeman, Dr. Samuel H., Albany [10].

French, Rev. J. W., West Point [11].

Fristoe, Edward T., Washington, D. C. [11].
Frothingham, Rev. Frederick, Portland, Maine [11].
Frothingham, George H., Montreal [11].

G.

Gale, Hon. Samuel, Montreal [11].

Gale, L. D., Washington, D. C. [8].

Gardner, James 8., Whitestown, New York [10].

Garrigue, Dr. S. S., Philadelphia [10]."

Garth, Charles, Montreal [11].

Gavit, John E., Esq., Albany [1].

Gay, A. M., Charlestown, Massachusetts [10].
*Gay, Dr. Martin, Boston [1].

Geddes, Charles, Montreal [11].

Geddings, Prof. E., Charleston, South Carolina [3].

Gibbes, Prof. L. R., Charleston, South Carolina {1].

Gibbes, Prof. Robert W., Columbia, South Carolina [1].

Gibbon, Dr. J. H., Charlotte, North Carolina 8].

Gibbs, Dr. Wolcott, New York [1].

Gibbs, J. Campbell, Montreal [11].

Gifford, J. P..S., Albany [10].

Gillespie, W. M., Schenectady, New York [10].

Gilman, Daniel C., New Haven, Connecticut {10].
#Gilmor, Robert, Esq., Baltimore [1].




Gladstone, T. H., London [10].
Girard, Charles, Esq., Washington, D. C. [2].
Gliick, Isidor, New York [10.]
Glynn, Com. James, U. S. N., New Haven, Connecticut [1].
Gold, Theodore S., West Cornwall, Connecticut [4].
Goodwin, William F., Concord, New Hampshire [107.
Gould, Augustus A., M. .D., Beston [11]. .
Gould, B. A., Esq., Boston [2].
Gould, Dr. B. A,, Jr,, Cambridge, Massachusetts [2].
Graham, Col. James D, U. S. A., Wshmgm, D. C.[1}
Grant, John M., Montreal {111
Grant, S. Hastings, New Xerk [11]
Gray, Prof. Asa, Cambridge, Massachusetts {1].
*Gray, Dr. James H., Springfield, Massachusetts [6].
Green, Horace, New Yeork, [10].
Green, D Jobn W., New York [9]. ;
Green, Dr. Traill, Easton, Pennsylvania {17, .
Greene, Dr. Benjamin D., Boston [1].
Greene, David B., New York {10].
Greene, Everett W., Madison, New.Jersey [10].
Greene, Prof. B. Franklin, Troy, New York [1].
Greene, F. C5 M. D., East Hampton, Massachusetts [11].
Greene, Samuel, Woonsocket, Rhode Island [9].
Greene, Prof. Samuel S., Providence [9].
Greene, Thomas A., New Bedford, Massachusetts [9].
Griffin, Prof. Nathaniel M., Williamstown, Massachusetts [10]
*Griffith, Dr. Robert E., Philadelphia [1].
Grinnan, A. G., Madison Court House, Virginia. [7]
Groneweg, Liewis, Germantown, Ohio [7].
Grosvenor,.A. C,, Esq., Cincinnati, Ohio [5].
Grosvenor, Dr. William, Providence [9].
Grunow, Julius, New Haven, Consecticut [10].
Guerin, Thomas, Albany [11].
Guest, William E., Esq., Ogdensburg, New York [6].
Gulick, John T., Williamstown, Massachusetts [10].
Gummere, Samuel J., Burlington, New.Jersey [7].
Guyot, Prof. A., Princeton, New Jersey [1].



XXXIV MEMBERS OF THE ASSOCIATION.

H.

Hackley, Prof. Charles W., New. York (4]}
Hager, Albert D., Proctorsville, Vermont {11]. . 1
Hague, John M., Epq., Newark, New Jersey [6]. ot
Hague, William W., Esq., Newark, New Jorséy [6]. e
Haines, William 8., Providence [9]. N
Haldeman, Prof. S. S., Columbis, Penmylvaﬂa[l] P
Hale, Albert W., Albany [10]. . T
*Hale, Dr. Enoch, Bostan [1]. : -
Hall, Archibald, Montreal, Cavada [10] TRt N1
HaLL, Prof. JaMES, Albany [1]. B Y
Hall, Joel, Athens, Illinois [7]. ; Lo
Hall, N. K., Ruiffalo, New York [7]. oo C
Hallowell, Benjamin, Alexandria, Virginia [1] v
Hamlin, A. C., Baugor, Maine [10]. S e -
Hammond, Ogden, Charleston, Sonth. Carolina {8]. N
Hance, Ebenezer, Marrisville, Buaks Om...l.’eumyhm 7y

Handy, Issac W. K., Portémanth, Virginia [10} s
Hardcastle, Edmupd L. F., U..8..A,, Washington, D..C.-[[7].
Hare, Dr. Babert, Philedelpbia {113 - - . - 1.

*Harlan, Prof. Jaseph G., Haverford, Penml'mia {8].

®Harlan, Dr. Richard, Philadelphia [1].

Harrequi, Prof. Jasé Salazar; Minersa, Kexmo [10].
Harris, Ira, Alhny [113..- )

*Harris, DroThaddens W., Cambridge, MM {1}
Harrison, B. F., Wallingsford, Cennecticut [Il]. -
Harrison, Edwin, St. Louis, Missouri {11].: .

*Hart, Simeon, Esq., Farmington, Comnecticut [1].

Hart, Theodore, Montreal [11]. ST

Harvey, Hon. Matthew, Concord, New Hampahtro [1}.
Harvey, Prof. William H., Trinity Collegg,:Dublin-[8]. -
Hathaway, Charles, Delhi, New York .[10].,

Haupt, Herman, Eeq,, Philadelphia {3]. G e T
Haven, Samuel F., Worcester, Messachusetts [9].. . . :.

*Hayden, Dr. H. H., Balfimore {1].. : e
Hayward, James, Esq., Bostan [1}. . T
Hazard, Rowland, Peace Dale, Rhode Islnd [9]




MEMBERS OF THE ASSOCIATION:

Headlam, William, Jr., Albany [11].

Hedrick, B. 8., New York [8].

Heffron, Daniel 8., Otica, New York [10].

Helme, W. H., Providence [9]. - -

Heneker, William R., Sherbrooke, Caneda Eut [113.
Henry, Prof. Joseph, Washingten, D C. [1].. - :
Herrick, Edward C., Esq., New Haven, Conneofieut [1]. - ©
Hickok, Rev. M. J., Seraiton, Pennsylvania {11].

Hicks, Levi I, Walworth, New York [10].

Hilgard, Eugene W., Washington, D. C. [11]. .
Hilgard, Julius E., Esq., Washington;, D. C. [4]. -
Hilgard, Dr. T. C., Belleville, Ilknois [8].- ,

Hill, Benjamin, Montreal {11}

Hill, Nathaniel P., Providence, Rhode Island [10]

Hill, Nicholas, Jr., Albany [6]. . -

Hill, 8. W., Esq., Eagle Harbor, Lake Suponor [6).

Hill, Rev. Thomas, Waltham, Massachusetts {8].

Hincks, Rev. William, Toronto, Canada West [11].
Hingston, Dr. 'W. P., Montreal, Canada [10].

Hitcheock, Charlas H., Amberst, Massachwsetts [11]
HircrcoCk, Prof. EDwARD, Amherst, Massachasetts [1].
Hitchgotk, Bdward, Jr., Amherst, Massachusetts [4]
Hodgins, George, Toronto [11].

Hodgson, W, B., Savannah; Georgid {10]. - '
Holbrook, Dr. John E., Charleston, South (holim 1.
Holland, Joseph B., Momson, Massachusetts {9].

Holmes, Prof, A. F., Montreal [11].

Holmes, Benjamin, Montreal {11].

Holton, Prof. 1. F, Middiebury, Vermont [6. -

Holton, L. H., Montreal [11].

Holwell, W. A.; Quebes [11].

Homans, Sheppard, New York [10].

Homes, Henry A., Albany (117,

Hopkins, James G., Ogdensburg, New York (10].
Hopkins, Rey. Jobn H., New York [117. -
Hopkins, T. O., Williamsville, New York [10].

Hopkins, Prof. William, Lims, New Yark, [53:

Hopkins, Prof. W. F., Aunapolis, Maryland [7].



XxXYVi MEMBERS OF THE ASSOCIATION.

Horan, E. J., Quebec, Canada [10].
Horsford, Prof. E. N., Cambridge, Massachusetts [1].
Horton, C. V. R., Chaumont, New York [10].

*HorroN, Dr. WiLLIAM, Craigville; Orange Co., New York [1]
Hough, Dr. Franklin B., Albany [4].

*HouGHTON, Dr. DoucrAs, Detroit, Michigan [1].
Houghton, Gearge F., St. Albans, Vermont [11].
Howard, R. P., M. D., Montreal [11].

Howe, Prof. Henry A., Montreal [11].
Hm{vell, Robert, Esq., Nichols, Tioga Co., New York [6].
Hoy, Philo B., M. D., Racine, Wiscansin [7].
Hoyt, J. W., Cincinnati, Ohio [8].
Hubbard, Prof. Oliver P., Hanover, New Hampshire [1].
Humphrey, Frederic, Iowa City, Iowa [11].
Humphrey, S. Dwight, New York [6].
Humphreys, Capt. A. A., U. S. A., Washington [11].
Hun, Dr. Thomas, Albany [4].. :
*Hunt, Freeman, New York [11].
Hunt, George, Providenee [9].
Hunt, Lieut. E. B,, U. 8. A., Newport, Rhode Island [2].
Hunt, Thomas S., Montreal, Canada [1].
Hunter, Andrew W., New Orleans [11].
Hunter, George W., New Orleans [11].
Hurlburt, Dr. J., Hamilton, Canada West [11].
Huson, Calvin, Jr., Rochester, New York [11]}.
Hyatt, James, New. York [10].

L
Inglis, Rev. David, Hamilton, Canada West {11].
Ives, Moses B., Providence [9].
Ives, Thomas P., Providence [10]. !

J..

Jack, Prof. W. B., Fredericton, New Brunswick [11].
JACksoN, Dr. CaarLes T., Boston {1].

Jackson, Prof. Samuel, Philadelphia-{1].

James, Prof. Charles S., Lewisburg, Pennsylvania [10].
James, M. P., Esq., Cincinnati, Ohio [5].




MEMBERS OF THE ASSOCIATION.

James, John, Alton, Illinois [10].
Janes, D. P., Montreal [11].
Jenkins, Thornton A., U. S. N., Washington, D. C. [7].
Jenks, J. W. P., Esq., Middleborough, Massachusetts [2].
Jenner, Solomon, Esq., New York [4].
Jennings, N. R., New Orleans [4].

*JorxnsoN, Prof. W. R., Washington, D. C. [1].
Johnson, William C., Utica, New York [6].
Johnston, Prof. John, Middletown, Connecticut [1].
Jones, Lieut. Catesby Ap. R,, U. S. N. [8].
Jones, Rev. George, U. S. N., Brooklyn, New York [9].
Jones, Thomas Walter, M. D., Montreal [10].
Joseph, J. H., Montreal [11].
Joslin, Benjamin F., M. D., New York [10].
Joy, Prof. C. A., New York [8].
Judd, Orange, Esq., New York [4].

K.

Keefer, Thomas C., Hamilton, Canada West [11]..
Keely, Prof. G. W., Waterville, Maine [1].
Kelley, Edwin, M. D., Elyria, Ohio [7].
Kemp, Rev. Alexander, Montreal [11].
Kendall, Joshua, Meadville, Pennsylvania [10].
Kennedy, Alfred L., M. D., Philadelphia [7].
Kent, Edward N., New York [8].
Kerr, W. C., Cambridge, Massachusetts [10].
Kierskowski, A. E., Montreal [11].
King, Hon. Mitchell, Charleston {3].
Kingston, G. T., Toronto [11].
Kinnear, David, Montreal [11].
Kirkpatrick, James A., Philadelphia [7].
Kirkpatrick, John, Cleveland, Ohio [7].
Kirkwood, Daniel, Bloomingtan, Indiana [7]..
Kitchell, Dr. William, Newark, New Jersey [6].
Kite, Thomas, Cincinnati, Ohio [5].
Kittredge, Dr. Josiah, South Hadley, Massachusetts {11].
Knox, Rev. J. P., Newtown, Long Island [11].
Kaurtz, J. D., Bucksport, Maine [3].

D

xxXvii




xxxviii MEMBERS OF THE ASSOCIATION.

L.

Lachlan, Major R., Cincinnati, Ohio [11].

Laflamme, G., Montreal [11].

Laflamme, Prof. Rodolphe, Montreal [11].

Lane, Ebenezer, Chicago, Illinois [8].

Lansing, Hon. Gerritt Y., Albany, New York [6].

Lapham, Increase A., Esq., Milwaukee, Wisconsin [8].
*Lasel, Prof. Edward, Williamstown, Massachusetts [1].

Latour, L. A. H., Montreal [11].

Lauderdale, John V., Geneseo, New York [10].

Lawford, Frederick, Montreal {11].

Lawrence, George N., New York [7].

Lea, Isaac, Esq., Philadelphia [1].

Leckie, Robert, Montreal [11].

Le Conte, Maj. John, Philadelphia [1].

Le Conte, Dr. John L., Philadelphia [1].

Leconte, Prof. John, Columbia, South Carolina [3].

Leconte, Dr. Joseph, Columbia, South Carolina [8].
*Lederer, Baron von, Washington, D. C. [1].

Lee, Capt. Thomas J., U. S. A., Washington, D. C. [5].

Lesley, J. P., Esq., Philadelphia [2].

Lesley, Joseph, Jr., Philadelphia [8].

Lieber, Oscar M., Columbia, South Carolina [8].

Lincklaen, Ledyard, Esq., Cazenovia, New York [1].

Lindsley, Dr. J. B., Nashville, Tennessee [1].
*Linsley, Rev. James H., Stafford, Connecticut [1].

Little, Weare C., Albany [11].

Livermore, Rev. A. A., New York [5].

Locke, Luther F., M. D., Nashua, New Hampshire [7].

Lockwood, Moses B., Providence [9].

Logan, Sir William E., F. R. S., Montreal, Canada.

Loomis, Prof. Elias, New York [1].

Loomis, Prof. J. R., Lewisburg, Pennsylvania [10].

Loomis, Charles L., Wilmington, Delaware [9].

Loomis, Silas L., Washington, D. C. [7].

Lovelace, P. E. H., M. D., Fort Adams, Mississippi [11].

Lovering, Prof. Joseph, Cambridge, Massachusetts [2].




MEMBERS OF THE ASSO0CIATION. xxxix

Lunn, William, Montreal [11].

Lusher, Robert M., New Orleans [107].

Lyman, Chester S., Esq., New Haven, Connecticut [4].
Lyman, Henry, Montreal [11].

Lyman, Theodore, Montreal [11].

Lynch, Rev. Dr. P. N., Charleston [2].

Lyon, Hon. Caleb, Lyonsdale, New York [8].

Lyon, Merrick, Providence [11].

M.

MacCallum, Prof. D. C., Montreal [11].

Machin, Thomas, Albany [10].

Maclean, Prof. George M., Pittsburgh, Pennsylvania [5].

Mackay, Joseph, Montreal [11].

Mackay, T. P., Montreal [11].

Macomber, David O., Middletown, Connecticut [10].

Mahan, Prof. D. H., West Point, New York [9].

Mallett, Prof. J, W., Tuscaloosa, Alabama [10].

Marcy, O., Wilbrabam, Massachusetts [10].
*Marsh, Dexter, Eaq., Greenfield, Massachusetts [1].

Marsh, James E., Roxbury, Massachusetts [107].

Mason, Charles, Burlington, Iowa [11]. .

Mason, Owen, Providerice [9].

Mason, R. C., Appleton, Wisconsin [9].

MaraER, WILLIAM W., Esq., Columbus, Ohio [1].

Mathieson, Alex., D. D., Montreal [11].

Mathiot, George, Washington, D. C. [8].

Maupin, Prof. S., Charlottesville, Virginia [10].

Mauran, Dr. J., Providence [2].

Maury, Lieut. M. F., Washington, D. C. [1].

McAlpine, William J., Esq., Albany [6].

McCall, Col. George A., Philadelphia [7].

McCall, John, Utica, New York [10].

McCay, Pres. C. F., Columbia, South Carolina [8].

McChesney, J. H., Springfield, Illinois [11].

McClory, Rev. Henry, Warehouse Point, Connecticut [11].

M:‘Conihe, Hon. Isaac, Troy, New York [4].

McCord, Hon. J. L., Montreal [11].



MEMBERS OF THE ASSOCIATION.

McCormick, Richard C., Jr., New York [11].
MecCoy, Prof. Amasa, Albany [10].

McCulloch, Prof. R. S., New York [1].
McDonald, Marshal, Lexington, Virginia [7].
McElroy, John C., Albany [11].

McFarlan, Henry, Dover, New Jersey [8].
Mcllvaine, Rev. J. H., Rochester, New York [11].
McMahon, Mathew, Albany [11].

McNaughton, Dr. James, Albany [4].
McNaughton, Peter, M. D., Albany [10].

McRae, John, Esq., Camden, South Carolina [3].
Meads, Orlando, Albany [6].

Means, Prof. A., Oxford, Georgia [5].

Meech, L. W., Preston, Connecticut [8].

Meek, F. B., Esq., Albany [6].

Meilleur, J. B., M. D., Montreal [11].

Meredith, Edmund P., Toronto [11].

Merrick, S. V., Esq., Philadelphia [1].

Merrill, Stephen, Charlestown, Massachusetts [11].
Miles, Prof. Henry H., Lennoxville, Canada East [11].
Millington, Prof. John, Oxford, Mississippi [1].
Mitchel, Prof. O. M., Cincinnati, Ohio [3].
Mitchell, Henry, Nantucket, Massachusetts [10].
Mitchell, Maria, Nantucket, Massachusetts [4].
Mitchell, Hon. William, Nantucket, Massachusetts [2].
Moffatt, George, Montreal [11].

Moffatt, J. O., Montreal [11].

Mondelet, Judge Charles, Montreal [11].
Montgomerie, Hugh E., London [11].

Moore, George H., New York [8].

Morange, William D., Albany [10].

Mordecai, Alfred, U. S. A., Washington, D. C. [7].
Morfit, Campbell, Baltimore, Maryland [7].
Morgan, Lewis H., Rochester, New York [10].
Morris, Margaretta H., Germantown, Pennsylvania [4].
Morris, J. R., Houston, Texas [11].

Morrow, E. G., Cambridge, Massachusetts [11].
Morse, Charles M., Waterville, Maine [11].




.

MEMBERS OF THE ASSOCIATION. xhi

Morse, M. L., Dover, New Hampshire [10].
*Morton, Dr. 8. G., Philadelphia [1].

Mowat, O., Toronto {11].

Munger, George G., Rochester, New York [10].

Munro, Col. William, Montreal [11].

Munroe, Rev. Nathan, Bradford, Massachusetts [6].

Munsell, Joel, Albany [6].

Murphy, Edward, Montreal [11].

Murray, Alexander, Woodstock, Canada West [11].

Murray, Prof. David, Albany [11].

Myers, Gustavus A., Richmond, Virginia [11].

N.

Nason, Rev. Elias, Natick, Massachusetts [11].
Nault, Dr. J. Y., Quebec [11].
Nelles, Pres. S. S., Victoria College [11].
Nelson, J. P., Goldsboro, Nerth Carolina [7].
Newberry, Dr. John 8., Cleveland, Ohio [5].
Newcomb, Dr. Wesley, Albany [10].
Newell, Gov. W. A., Trenton, New Jersey [11].
Newton, Hubert A., Esq., New Haven, Connecticut [6].
Newton, John, Orange Hill, Washington Co., Florida [7].
Newton, Rev. E. H., Cambridge, New York [1].
Nichols, Dr. James R., Haverhill, Massachusetts [7].
Nichols, Prof. John A., New York [10].
*Nicollet, J. N., Esq., Washington, D. C. [1].
North, Prof. Edward, Clinton, New York [11].
Norton, Rev. Niram, Fredonia, New York [8].
*Norton, Prof, J. P., New Haven, Connecticut [1].
Norton, Prof. W. A., New Haven, Connecticut [6].
Nott, Dr. J. C., Mobile, Alabama [3].

0.
*Oakes, William, Esq., Ipswich, Massachusetts [1].
O’Callaghan, E. B, M. D., Albany [10].
Olcott, Thomas W., Esq., Albany [2].
O'Leary, Prof. Charles, Emmetsburg, Maryland [10]/
Oliver, James Edward, Lynn, Massachusetts [7].
D *



xlii MEMBERS OF THE ASSOCIATION.

*QOlmsted, Alexander F., New Haven, Connecticut [4].
Olmsted, Charles H., Esq., E. Hartford, Connecticut [1].
Olmsted, Prof. D., New Haven, Connecticut [1].

*Olmsted, Denison, Jr., Esq., New Haven, Connecticut [1].
Olney, Stephen T., Providence [9].

Opdyke, George, New York [8].

Ordway, John M., Roxbury, Massachusetts [97].
Ormiston, Rev. William, Hamilton, Canada [10].
Osborn, A., Esq., Albany, New York [1].

Osborn, II. S., Liberty, Bedford Co., Virginia [10].
Osgood, Rev. Samuel, D. D., New York [8].

Osten Sacken, Baron R. von, Washington, D. C. [10].
Otis, George A., Jr., Springfield, Massachusetts [10].

)

Painter, Minshall, Lima, Delaware Co., Pennsylvania [7].
Palmer, Charles H., Portage Lake, Michigan [ 6].
Paradis, H. C. A., M. D., Montreal [11].
Parker, Hon. Amasa J., Albany {6].
Parker, Rev. Henry E., Concord, New Hampshire [11].
Parker, Prof. William H., Middlebury, Vermont [10].

*Parkman, Dr. Samuel, Boston [1].
Parry, Dr. Charles C., Davenport, Iowa [6].
Pars?ns, Dr. Charles H., Providence [9].
Parsons, Dr. Usher, Providence [9].
Parvin, Theodore S., Muscatine, Iowa [7].
Paton, George, Galt, Canada West [11].
Paton, John, Toronto [11].
Patterson, Prof. J. W., Hanover, New Hampshire [11].
Peale, Titian R., Esq., Washington, D. C. [1].
Peck, Lieut. G. W., U. 8. T. E., New York [9].
Peirce, Prof. Benjamin, Cambridge, Massachasetts [1].
Peiroe, James W., Cambridge, Massachusetts [11].
Pendleton, A. G., U. S. N., Washington, D. C. {7].
Perkins, Prof. G. R., Utica, New York [1].
Perkins, J. A., Montreal [11].

*Perry, Com. M. C., New York [10].
Peters, Dr. C. H. F., Washington, D. C. [9].




MEMBERS OF THE ASSOCIATION. xliif

Phelps, Philip, Jr., Hastings, New York [10].
Phelps, Prof. William F., Trenton, New Jersey [11].
Pickering, Dr. Charles, Boston [1].
Pierce, Prof. William M., Hadley, Massachusetts [10].
Pigott, A. Snowden, Baltimore [10].
Pitcher, Dr. Zina, Detroit, Michigan [1].
Pitman, Benn, Cincinnati [10].
Plant, I. C., Esq., Macon, Georgia [3].

*Plumb, Dr. Ovid, Salisbury, Connecticut [9].
Porter, Prof. Jobn A., New Haven, Connecticut [4].
Potter, Rev. Dr. H. B., Albany [6].
Pourtales, L. F., Esq., Washington, D. C. [1].
Powers, A. E., Esq., Lansingburg, New York [1].
Prentice, E. P., Esq., Albany [2].
Prescott, Dr. William, Concord, New Hampshire [1].
Priest, Rev. J. A., Homer, New York [10].
Prince, W. R., Flushing, Long Island [10].
Prout, H. A., M. D,, St. Louis, Missouri [7].
Pruyn, J. V. L., Esq., Albany [1].
Pruyn, Robert H., Albany [10].
Putnam, F. W., Salem, Massachusetts [10].
Pybos, Benjamin, Tuscumbia, Alabama [7].
Pynchon, Prof. Thomas R., Hartford, Connecticut [11].

Q.
Quincy, Edmund, Jr., Dedham, Massachusetts [11].

R.

Ramsay, Andrew C., London [11].

Ramsay, J. K., Montreal [11].

Rankin, Robert G., New York {10].

Rauch, John H., M. D., Burlington, Iowa [11].
Ravenel, Dr. Edmund, Charleston, South Carolina [1].
Ray, Dr. Isaac, Providence [9].

Read, D. B., Toronto [11].

Redfield, Charles B., Albany [11].

Redfield, Jobn H., Esq., New York [1].



xliv MEMBERS OF THE ASSOCIATION.

*Redfield, William C., Esq., New York [1].
Reid, D. B., London [10].
Renwick, Prof. James, New York [1].
Resor, Jacob, Cincinnati, Ohio [8].
Reuben, Levi, New York [10].
Rice, Clinton, New York [7].
Rice, Henry, North Attleborough, Massachusetts [7].
Rice, W. A., Albany [10]. '
Richards, Z., Washington, D. C. [7].
Richards, Rev. William C., Providence {9].
Riddell, Dr. John L., New Orleans [1].
Riddell, William P., New Orleans [7].
Ripley, Hezekiah W., Esq., Harlan, New York [6].
Ritchie, E. S., Boston [10].
Robb, Prof. James, M. D., Fredericton, New Brunswick [4].
Robertson, Thomas D., Rockford, Illinois [10].
Robertson, Rev. W. H. C., Stamford, Canada [11].
Roberts, W. M., Carlisle, Pennsylvania {5].
Robinson, W. B., Toronto [11].
Rockwell, Alfred P., New Haven, Connecticut [10].
Rockwell, John, Chicago, Illinois [11].
Rockwell, John A., Norwich, Connecticut [10].
Rodman, William M., Providence [9].
Rogers, Prof. Fairman, Philadelphia [11].

*Rogers, Prof. James B., Philadelphia [1].
RoGERs, Prof. RoserT E., Philadelphia [1].
Rogers, Prof. W. B., Boston [1].
Rogers, William F., Philadelphia [10].
Rood, Ogden N., New Haven, Connecticut [7].
Roome, Martin R., New York [10].
Roosevelt, Clinton, New York [11].
Rose, Henry, Montreal [11].
Roy, Euclide, Montreal [11].
Ruggles, Prof. William, Washington, D. C. [8].
Runkle, J. D., Esq., Dedham, Massachusetts [2].
Russell, Andrew, Toronto [11].
Russell, Archibald, New York [11].




MEMBERS OF THE ASB0CIATION. xlv

Ruttan, Dr. Allan, Newburgh, Canada West [11].
Ryan, Thomas, Montreal [11].
Ryerson, Rev. E., Montreal [11].

S.

Safford, Prof. J. M., Lebanon, Tennessee [6].

Sager, Prof. Abraham, Ann Arbor, Michigan [6].
Sanderson, Rev. J. E., Montreal [11].

Sanford, R. K., Riga, New York [7].

Sargent, Rufus, Auburn, New York [10].

Savage, Thomas S., Pass Christian, Mississippi [107.
Saville, Henry M., Syracuse, New York [10].
Saxton, Joseph D., Esq., Washington, D. C. [1].
Scarborough, Rev. George, Owensburg, Kentucky [2].
Schaeffer, Prof. George C., Washington, D. C. [1].
Schanck, Prof. J. Stillwell, Princeton, New Jersey [4].
Schnee, Alexander, Madison, Wisconsin [10].
Schoolcraft, Henry R., Washington, D. C. [7].
Schott, Arthur C. V., Washington, D. C. [8].

Schott, Charles A., Washington, D. C. [8]. .

Scott, Rev. Joseph, Dunham, Canada East [11].
Scott, Rev. William, Peterborough, Canada West [11].
Selden, George M., Esq., Troy, New York [6].
Seemann, Berthold, Ph. D., London [11].

Seropyan, Christopher D., New York [10].

Sessions, Rev. John, Albany [6].

Sestini, Prof. Benedict, Washington, D. C. [8].
Seward, Hon. William H., Auburn, New York [1].
Seymour, M. H., Montreal [11].

Shaefer, P. W., Pottsville, Pennsylvania [4].
Shaffer, David H., Cincinnati, Ohio [7].

Shane, J. D., Lexington, Kentucky [7].

Shaw, Edward, Washington, D. C. [9].

Sheldon, D. H., Racine, Wisconsin [10].

Shelton, E. E., Montreal [11].

Shepard, Prof. C. U., New Haven, Connecticut [4].
Sheppard, William, Drommondville, Canada [11].
Sherwin, Thomas, Dedham, Massachusetts [11].



xlvi MEMBERS OF THE AS8SOCIATION.

Shotwell, Samuel L., Macedon, New York [11].
Shumard, B. F., M. D., St. Louis, Missouri [7].
Sias, Solomon, Fort Edwards, New York [10].
Sill, Hon. Elisha N., Cuyahoga Falls, Ohio [6].
Silliman, Prof. Benjamin, New Haven, Connecticut [1].
Silliman, Prof Benjamin, Jr., New Haven, Connecticut [1].
Skilton, Dr. Avery J., Troy, New York [6].
Skinner, George W., M. D,, Little Falls, New York [10]..
Smallwood, Charles, M. D., St. Martin, Isle Jesus, Canada East [7].
Smith, Pres. Augustus W., Middletown, Connecticut [4].
Smith, Capt. E. K., U. S. A. {8].
Smith, Prof. Francis H., Charlottesville, Virginia [9].
Smith, George, Upper Darby, Delaware Co., Pennsylvania [7].
Smith, J. Bryant, M., D., New York [7].
Smith, James Y., Providence [9].
*Smith, J. V., Esq., Cincinnati, Ohio [5].
Smith, Prof. J. Lawrence, Lonisville [1].
Smith, John, Montreal [11].
Smith, Dr. Lyndon A., Newark, New Jersey [9].
Smith, Metealf J., M’Graaville, New York [10].
Smith, Sanderson, New York [9].
Smith, Hamilton L., Gambier, Ohio [5].
Smith, Spencer, St. Louis, Missouri [11].
Snell, Prof. Eben S., Amherst, Massachusetts [2].
Snodgrass, Rev. William, Montreal [11].
Snow, Charles B., Washington, D. C. [8].
Snow, Edwin M., M. D., Providence [9].
Sola, Rev. Dr. A., Montreal [11].
Sparks, Jared, Cambridge, Massachusetts [2].
Spear, C. V., Pittsfield, Massachusetts [10].
Spink, William, Toronto [11].
Sprague, Charles Hill, Malden, Massachusetts [7].
Sprague, Daniel J., South Orange, New Jersey [11].
Sprague, Rev. Daniel G., South Orange, New Jersey [11].
Stanard, Benjamin A., Esq., Cleveland, Ohio [6].
Starr, William, Ceresco, Wisconsin [10].
Stearns, Eben S., Albany [10].
Stearns, Josiah A., Boston [10].




MEMBERS OF THE ASSO0CIATION. xlvii

Stebbins, Rev. Ruofus P., Cambridge, Massachusetts [2].
Steele, Samuel, Albany [10].

Steiner, Dr. Lewis H., Baltimore, Maryland [7].
Stetson, Charles, Cincinnati, Ohio [4]).

Stevens, Prof. M. C., Richmond, Indiana [9].
Stevens, Robert P., M. D., North Egremont, Massachusetts [7].
Stewart, Prof. William M., Clarksville, Tennessee [7].
Stillman, Thomas B., New York [8].

Stone, Rev. Edwin M., Providence [9].

Storer, Dr. D. H., Boston [1].

Street, Alfred B., Albany [10].

Streeter, S. F., Baltimore, Maryland [11].

Stuart, Prof. A. P. S., Acadia, Nova Scotia [11].
Sturtevant, Pres. J. M., Jacksonville, Illinois [10].
Suckley, Dr. George, U. S. A.[9].

Suollivant, William S., Columbus, Ohio [7].
Sutherland, Prof. William, Montreal, Canada [6].
Swallow, G. C., Columbia, Missouri [10].

Swan, Gen. Lansing B., Rochester, New York [8].
Sweeney, Peter, Buffalo, New Yark [10].

Swinburne, John, Albany [6]. -

T.

Tabor, Azor, Albany [6].
Talcott, Andrew, Cincinnati, Ohio [7].
*Tallmadge, Hon. James, New York [1].
Tappan, Chancellor H. L., Ann Arbor, Michigan [10].
Tatlock, Prof. John, Williamstown, Massachusetts [10].
Tatom, Joel H., Baltimore, Maryland [10].
Tayler, John W., Wampsville, New York [10].
Taylor, George W., Albany [10]. '
Taylor, Dr. Julius 8., Carrolton, Montgomery Co., Ohio [1].
Taylor, Morse K., M. D., Galesburg, Knox Co., Illinois [7].
*TAYLOR, RicaarD C., Exq., Philadelphia [1].
Taylor, J. W., Montreal [11].
Taylor, Rev. William, Montreal [11].
Taylor, Thomas M., Montreal [11].
Tefft, Thomas A., New York [9].



xlviii MEMBERS OF THE ASSOCIATION.

*Teschemacher, J. E., Esq., Boston [1].

Tevis, Robert C., Esq., Shelbyville, Kentucky [5].
Thickstun, I. F., Meadville, Pennsylvania [11].
Thomas, Richard, Montreal [11].

Thomas, William A., Irvington, New York [10].
Thompson, Dr. Alexander, Aurora, New York [6].
Thompson, Aaron R., New York [1].

Thompson, John A., M. D., Cayuga, New York [10].
Thompson, Dr. J. W., Wilmington, Delaware [9].
Thompson, John Edgar, Esq., Philadelphia [1].

*Thompson, Rev. Z., Burlington, Vermont [1].
Thomson, Rev. John, New York [11].

Thorn, James, M. D., Troy, New York [10]
Thurber, George, Esq., New York [1].

Thurber, Isaac, Providence [9].

Tobey, Dr. Samuel B., Providence [9].

Tolderoy, James B., M. D., Fredericton, New Brunswick [11].
Torrey, Dr. John, New York [1].

Torrey, Prof. Joseph, Burlington, Vermont [2].
Totten, Gen. J. G., U. 8. A,, Washington, D. C. [1].
Town, Salem, Aurora, New York [7].

Townsend, Hon. Franklin, Albany [4].

Townsend, Dr. Howard, Albany [10].

*Townsend, John K., Esq., Philadelphia [1]. :
Townsend, Robert, Albany {9]. :
Treadwell, C. P., L'Original, Canada West [ll]. :

*Troost, Dr. Gerard, Nashville, Tennessee {1].

Trowbridge, Prof. W. P., Ann Arbor, Michigan [10].
Trudeau, Alexis, Montreal [11].
Truesdell, Samuel, New York [10].
Trumbull, James H., Esq., Hartford, Connecticut [4].

*Tuomey, Prof. M., Tuscaloosa, Alabama [1].

Turnbull, Lawrence, Philadelphia [10].
Turner, William W., Washington, D. C. [7]}.
Tuthill, Franklin, M. D., New York [8]. toe

*Tyler, Rev. Edward R., New Haven, Connecticut [1]: -
Tyler, Ransom H., Fulton, New York [10].

Tyler, Robert S., Montreal [11].




MEMBERS OF THE ASS0CIATION. xlix

V.

Vail, Prof. Hugh, Haverford, Pennsylvania [8].

Vancleve, John W., Dayton, Ohio [1].

Van Duzee, William S., M. D., Buffalo, New York, [7].

Van Derpool, S. Oakley, Albany, New York [9]. '

Van Pelt, Wm., M. D., Williamsville, Erie Co., New York [7].
*VaNuxeM, LARDNER, Esq., Bristol, Pennsylvania [1].

Van Vleck, J. M., Middletown, Connecticut [9].

Vaughan, Daniel, Esq., Cincinnati, Ohio [5].

Vaux, William S., Esq., Philadelphia [1].

Verreau, H. A. B., Montreal, Canada [10].

w.

‘Wadsworth, Charles F., Geneseo, New York [11].

‘Wadsworth, James S., Esq., Genesee, New York [2].

‘Wagner, Tobias, Philadelphia [9].

Walker, Rev. James B., Mansfield, Ohio [7].

‘Walker, Joseph, Oxford, New York [10].
*Walker, Sears C., Esq., Washington, D. C. [1].
*Walker, Hon. Timothy, Cincinnati, Ohio [4]-

Wallbridge, T. C., Toronto [11].

Walling, Henry F., Providence [9].

Walworth, Reuben H., Saratoga, New York [10].

Warder, Dr. J. A, Cincinnati, Ohio [4].

‘Warner, H. G., Rochester, New York [11].
*Warren, Dr. John C,, Boston [1].

‘Watertown, Charles, Wakefleld, England [1].

‘Wayland, Dr. Francis P., Proyidence [9].

Wayne, Rev. Benjamin, New Orleans [10].
*Webster, H. B., Esq., Albany [1].
*Webster, Dr. J. W., Cambridge, Massachusetts [1].
$Webster, M. H., Esq., Albany [1].

‘Webster, Nathan B., Portsmouth, Virginia [7].

Webster, William F., Providence [9].

‘Weed, Monroe, Esq., Wyoming, New York [6].

Weinland, D. F., Cambridge, Massachusetts [10].

‘Welch, John, Newark, New Jersey [10].

E



MEMBERS OF THE AS80CIATION.

Wells, David A., New York [2].

Wells, Dr. Thomas, New Haven, Connecticut [4].
West, Charles E., Esq., Buffalo, New York [1].
Wetherell, Prof. L., Legrange, Kentucky [2].
Weyman, G. W., Esq., Pittsburgh, Pennsylvania {6].
‘Wheatland, Dr. Henry, Salem, Massachusetts {1].
Wheatley, Charles M., New York [1].

Wheeler, T. B., M. D., Montreal [11].

‘Whipple, A. B., Nantucket, Massachusetts [10].
Whipple, J. E., Lansingburg, New York [10].
‘Whipple, W., Adrian, Michigan [7].

‘Whitcomb, Joseph M., Salem, New York [10].

‘White, Aaron, Cazenovia, New York [10].

White, Charles, Crawfordsville, Indiana [10].

‘White, Horace, Chicago, Illinois [10]. .

‘White, Rev. Robert J. P., Chambly, Canada East [11].
‘Whitney, Asa, Esq., Philadelphia [1].

Whitney, H. H., Montreal [11]}.

‘Whitney, J. D., Esq., Northampton, Massachusetts [1].
‘Whitney, John R., Philadelphia [11].

Whittlesey, Charles, Cleveland, Ohio [1].

Whittlesey, Charles C., St. Louis, Missouri [11].
Wilder, Alexander, New York [10].

Wilder, L., Esq., Hoosick Falls, New York [1].
Wilgress, George, Montreal [11].

Wilkes, Capt. Charles, U. S. N., Washington, D. C. [1}.
Wilkes, Henry, D. D., Montreal [11].

Willard, Samuel D., Cayuga, New York [10].
Williaws, Dr. Abraham V., New York [9].

Williams, Henry W., M. D., Boston [11].

Williams, Dr. P. O., Watertown, St. Lawrence Co., N. Y. [6].
Williams, Samuel Wells, Canton, China [10].
Williams, W. F., Mosul, Turkey [10].

Williamson, Prof. James, Kingston, Canada [11].
Wills, Frank, New York [9].

Wilson, Prof. Daniel, Toronto, Canada [10].

Winchell, Prof. Alexander, Ann Arbor, Michigan [3].
Winlock, Prof. Joseph, Cambridge, Massachusetts [5].




MEMBERS OF THE ASSOCIATION. L

Winslow, C. F., Troy, New York [10].

‘Winslow, John F., Troy, New York [10].

‘Wood, William, Portland, Maine [10].

‘Woodall, John W., Scarborough, England [11].

‘Woodbridge, George A., Nashville, Tennessee [10].
*Woodbury, Hon. L., Portsmouth, New Hampshire [1].

Woodman, John S., Hanover, New Hampshire [11].

‘Woolworth, Hon. S. B., Albany [10].

‘Worcester, Dr. Joseph E., Cambridge, Massachusetts [2].

Worthen, A. H., Warsaw, Xllinois [5].

Wright, Charles, Wethersfield, Connecticut [10].

‘Wright, Chauncey, Cambridge, Massachrasetts [9].
*Wright, Dr. John, Troy, New York [1].

Wartele, Louis C., Lennoxville, Canada East [11].

Wurtz, Henry, Trenton, New Jersey [107].

Wyman, Prof. Jeffries, Cambridge, Massachusetts [10].

Wyman, Morrill, M. D., Cambridge, Massachusetts {11].

Wynne, Dr. James, New York [8].

Wynne, Thomas H., Richmond, Virginia [8].

Y'

Youmans, E. L., Esq., Saratoga Springs, New York [6].
Young, Prof. Ira, Hanover, New Hampshire [7].
Young, Hon. John, Montreal [11].

The above list conthins ton hundred and fourteen names, of which sixty-eight
are of deceased members.



MEMBERS ELECTED

AT

THE MONTREAL MEETING.*

Anderson, Rev. William, Montreal.
#*Andrews, Israel W., Marietta, Ohio.
Att;rnlzlury, Rev. John G., New Albany,

#Baby, G., Montreal.
Baldon, d‘:. S., M. D., Jacksonville,

Florida. -
Bancroft, Rev. Canon, Montreal.
Baudry, J. H., Montreal.
Baylis, James, Montreal.
Beale, James, M. D., Richmond, Va.
Belle, Charles E., Montreal.
BenIe:ict, Thomas B., M. D., Trinity,

Benton, Charles, Oxbow, N. Y.

Berezy, William, Daillehaut, C. E.
#*Bernard, A., M. D,, Montreal.

Bertron, S. R., Port Gibson, Miss.

Bibaud, J. G., M. D., Montreal. °

Bidwell, Rev. Walter H., New York.
#*Billings, E., Montreal.

Blaﬁkmyarr, Rev. Henry, Rochester,

Blake, Rev. C. M., Chili.

Bonar, Rev. James B., Montreal.

Bmgfl?rd, James C., M. D., Elyria,
10.

Bméh;;ite, Rev. Joseph, Chambly,

#*#Brewer, Fisk P., New Haven.
Briggs, George W., Pittsfield, Mass.
#*Bristow, William, Montreal. .
Brown, Robert, Jr., Cincinnati.
#Brnsh, George 1., New Haven.

Brush, George S., Montreal.

Cady, Rev. Calvin B., Alburgh, Vt.
*Campbell, A. D., Montreal.
*Campbell, Prof. George W., Montreal.
#*#Campbell, W. D., Quebec.

Cameron, Hector, Tororto.

#*Cartier, Hon. G. E., Montreal.
#Chamberlin, B. C., Montreal.
*Chapin, L. C., New Haven.
*Chapman, Prof. C. B., Madison, Wis.
#*Chapman, Prof. E,, Jr., Toronto.

Clark, John 8., M. D., New Orleans.
Cleﬁ:wm, Rev. E. B., New Orleans.
#Cochran, J. W., New York.

*Collier, Prof. G. H., Wheaton, Ill.
#Collins, C., Carlisle, Pean.
#*Comstock, J. C., Hartford, Conn.

Conckling, Fred. A., New York.

Copes, Joseph 8., M. D., New Orleans.

Cordner, Rev. John, Montreal.

Cowan, J. P., M. D., Montreal.
#*Cramp, J. M., Acadia College, N. 8.
#*Craik, Robert, M. D., Montreal.
*Croft, Prof. Henry, Toronto.

Cummings, William M., New York.

Cnnyn%xcame Thurlow, Montreal.

Curry, Rev. W. F., Geneva, N. Y.
#Curtis, J , St. Albans, Vt.

Cyr, Rev. Narcisse, Montreal.

Dalrymple, Rev. E. A., Baltimore, Md.
#Dalton, Prof. John C., Jr., New York.

Danforth, Edward, Clarence, N. Y.
*David, A. H., M. D., Montreal.

!
#* Those marked with an t.:(iw psid the assessment, and signed the Constitution

without being formally elec




MEMBERS ELECTED AT THE MONTREAL MEETING.

#Davies, W. H. A., Montreal.
#Davies, W. H., Toronto.
#Day, Charles D., Montreal.
Day, John J., Montreal.
Dexter, G. M., Boston.
Dickson, Andrew, Kingston, Can.
#Disturnell, John, New York.
Doolittle, Rev. L., Lennoxville, C. E.
Dorr, Robert L., Danville, N. Y.
Dowie, J. Muir, Liverpool, Eng.
*Doyle, John P., Montreal.
#Dunkin, Christopher, Montreal.
Dwinello, John H., Rochester, N. Y.

Eaton, A. H., New York.
#Edmondstone, William, Montreal.
Elin, Frederick, London.

Fairchild, Charles, Madison, Wis.
’gairrlluvga; .':!D;mve&,’ léontreal. 8
airly, Dr. David, Glasgow, Scot.
Fair, Samuel, M. D., Columbfa, S. C.
Fay, Rev. Charles, St. Albans, Vt.
#Ferland, J. B. A., Quebec.
Forrel, William, Nashville, Tenn.
#*Feuchtwanger, Louis, M. i')., N. Y
Field, Roswell, Gill, Mass.
#Fisher, Prof. rge P., New Haven.
#*Fitch, Edward H., Ashtabula, Ohio.
Folsom, George, New York. .
#Franklin, Danforth, Buffalo, N. Y.
Fraser, Hugh, Montreal.
W., M. D., Montreal.

#F'raser, Prof.
French, J. H,, Syracuse, N. Y.
#French, Rev. J. W., West Point.

#Fristoe, Edward T., Washington.
Frothingham, George H., Montreal.
l‘m&niugham, Rev. Fredric, Portland,

e.

Gale, Hon, Samuel, Montreal.
#Garth, Charles, Montreal.
Geddes, Charles, Montreal.
Gibb, J. gm bell, Montreal.
Ginder, Henry, New Orleans.
*Gould, A. A, M, D., Boston.
#Grant, John M., Montreal.
#Grant, S. Has 'gfs, New York.
Greene, F. C., M. D., East Hampton,

Greenshields, J B., Montreal.
#Guerin, Thomas, Albany.

Hager, Albert D., Proctorsville, Vt.
#Harris, Ira, Alba%a.
Harrison, B. F., Wallingsford, Conn,
#Harrison, Edwin, 8t. Louis, Miss.

Hart, Th , Moutreal.

Headlam, sﬁfm-

Liii

Henderson, Rev. Isaac J., New Orleans.
Heneker, William R. Sherbrooke, C. E.
Hickok, Rev. M. J., Scranton, Penn.
*Hilgard, Eugene W., Washington.
#Hill, Benjamin, Montreal.
#Hincks, ﬁm. William, Toronto, C. W.
*gi;;hcockbs;nragx:'esTH., Amh(e}n%,v Mass.
ins, oronto, C. W.
*Hohgles, Prof. A. F., Montreal.
#*Holmes, Benjamin, Montreal.
#Holton, L. H., Montreal.
#Holwell, W. A., Quebec.
#*Homes, Henry A., Albany.
Hopkins, Rev. J. H., New York.
Houghton, George F., St. Albans, Vt.
*Howard, R. P., M. D., Montreal.
*Howe, Prof. Henry A., Montreal.
Hulburd, Hon. Calvin T., Brasher
- Fallls, N. Y. & Tows City. I
umphrey, Frederick, Iowa City, Io.
#Hum h:;a, Capt. A. A, U. 8. A,
ashington.
Hunter, Andrew W., New Orleans.
Hunter, George W., New Orleans.
Hunt, Freeman, New York.
Hurlbart, Dr. J., Hamilton, C. W.
Huson, Calvin, Jr., Rochester, N. Y.

Inglis, Rev. David, Hamilton, C. W.

#Jack, Prof. W. B., Fredericton, N. B.
Janes, D. P., Montreal.
"‘Josepil, J. If., Montreal.

Keefer, Samuel, Brockville, C. E.
#Keefer, Thomas C., Hamilton, C. W.
#*Kemp, Rev. Alexander, Montreal.

Kerr, Robert C., New Orleans.
#Kiershowski, A. E., Montreal.
*Kingston, G. T., Toronto.

#Kinnear, David, Montreal.
Kittredge, Dr. Josiah, South Hadley

Knox, Rev. John, Newtown, L. 1.

#Lachlan, Major R., Cincinnati, Ohio.
Laflamme, d., Montreal.
*Laflamme, Prof. Rodolphe, Montreal.
*Latour, L. A. H., Montreal.
#Lawford, Frederick, Montreal.
Leckie, Robert, Montreal.
Lindsay, William B., New Orleans.
Little, Weare C., Albam{i
Loranger, Hon. T. W., Montreal.
Louson, John, Montreal. :
Lovelace, P. E. H., M. D., Now Orleans.
#*Lunn, William, Montreal.
*Lyman, Henry, Montreal.
#Lyman, Theodore, Montreal.



liv
Lyon, Merrick, Providence.

#Mac Callum, Prof. D. C., Montreal.
Mackay, J. P., Montreal.

#Mason, Charles, Burlington, Io.

#Mathieson, Alex., D. D., Montreal.
McChesney, J. H., Springficld, Ill.
McClory, Rev. Henry, Warehouse

Point, Conn.

#McCord, Hon. J. L., Montreal.
McCormick, Richard C., Jr., New York.
McEilroy, John E., Albany.
Mecllvaine, Rev. J. H., Rochester, N, Y.
Mackay, Joseph, Montreal.

Meilleur, J. B., M. D., Montreal.
Meredith, Edmund P., Toronto.
Merrill, éwﬁhen, Charlestown, Mass.
Millar, G. M., Montreal.

Mills, Charles C., M. D., Richmond,

Va.
*Milg,EProf. Henry H., Lennoxville,

Montgomerie, Hugh E., London.
Morris, J. R., Houston, Texas.
Morrow, E. G., Cambridge, Mass.
Morse, Charles M., Waterville, Me.
#*Mowat, O., Toronto.
#Munro, Col. William, Montreal.
*Murphy, Edward, Montreal.
#*Murray, Alexander, Woodstock, C. W.
Murray, Prof. David, Albany.
Myers, Gustavus A., Richmond, Va.

#Nason, Rev. Elias, Natick, Mass.
#Nault, Dr. J. Y., Quebec.

#Nelles, Pres. 8. 8., Victoria College.
#Newell, W. A., Trenton, N. J.
#North, Prof. Edward, Clinton, N. Y.

Paradis, H. C. A., M. D., Montreal.
Parker, Rev. Heury E., Concord, N. H,
#Paton, George, Galt, cw
Paton, John, Toronto.
#Patterson, Prof. J. W., Hanover, N. H.
Perkins, Louis, New London, Conn.
#Perkins, J. A., Montreal. .
Phelps, Prof. W. F., Trenton, N. J.
Powell, Robert I., Ilinois.
#Pynchon, Prof. Thomas R., Hartford,
Conn.

Quincy, Edmund, Jr., Dedham.
#Ramsay, Andrew C., London.

Ramsay, J. K., Montreal.
Rauch, John H., M. D., Burlington, To.

MEMBERS ELECTED AT THE MONTREAL MEETING.

#Read, D. B., Toronto.
Redfield, Charles B., Albany.
Richards, Newton, New Orleans.
Robertson, Rev. W. H. C., Stamford,

Conn.

#Robinson, W. B., Toronto.
Rockwell, John, Chicago, Iil. .
Rogers, Prof. Fairman, Philadelphia.

*Roosevelt, Clinton, New York.

#*Rose, Henry, Montreal.

Roy, Euclide, Montreal.

Rassell, Andrew, Toronto.

Raussell, Archibald, New York.

Rattan, Allan, M. D., Newburgh, C. W.

#Ryan, Thomas, Montreal.

Ryerson, Rev. E., Montreal.

Sanderson, Rev. J. E., Montreal.

Scott, Rev. Joseph, Durham, C. E.
*Soog, wBev. illiam, Peterborough,

Scripps, John L., Chicago. )
Il“Seeml:v:m, Berthold, Ph. D., London.

Seymour, M. H., Montreal.

Shelton, E. E., Montreal. -
#Sheppard, William, Drummondville,

an

*Sherwin, Thomas, Dedham, Mass.
Shotwell, Samuel L., Macedon, N. Y.
Skipwith, P. H., New Orleans.

Smith, Gen. John Spear, Baltimore.
Smith, John, Montreal.

#*Smith, Spencer, St. Louis, Missouri.
Sno , Rev. William, Montreal.

#*Sola, Rev. Dr. A., Montreal.

Spink, William, Toronto.

Sprague, Daniel J., South O: , N.J.
Spl;gn;, Rev. Daniel G., South Orange,

#*Strecter, S. F., Baltimore.
Stuart, Prof. A. P. S., Acadia, N. 8.
Swaunn, Hon. Thomas, imore.

*Taylor, J. W., Montreal.
*Taylor, Rev. William, Montreal.
#Taylor, Thomas M., Montreal.
Thickstun, 1. F., Meadville, Pa.
*Thomas, Richard, Montreal.
Thomson, Rev. John, New York.
Tol%u;)}y, James B., M. D., Fredericton,
#Treadwell, C. P., L’Original, C. W.
#*Trudeaq, Alexis: Montreal.
Tyler, Robert S., Montreal.

Ulffers, A. H., Springfield, TIL.
Ulrici, Richard W,, St. Lonis.

Van Cortlandt, Dr., Ottawa, C. W.




MEMBERS ELECTED AT THE MONTREAL MEETING.

‘Wadsworth, Charles F., Geneseo, N. Y.
*Wallbridge, 1. C., Toronto.

‘Warner, H. G., Rocbester, N. Y.

‘Watertown, Charles, Wakefield, Eng.

Wetherill, Samuel, Bethlehem, Pa.
*Wheeler, T. B., M. D., Montreal.

‘White, Rev. Robers J. P., Chambly,

C.E.
‘Whitney, H. H., Montreal.
Whitney, H. N., Montreal.
‘Whitney, John R., Pbilndelg:l‘n:a.
*Whittlesey, Charles C., St. Louis, Mo.
*Wilgress, George, Montreal.

Iv

#*#Wilkes, Henry, D. D., Montreal. -
‘Williams, Henry W., M. D., Boston.
*Williamson, Prof. James, Kingston,

Can.
*Woodall, John W., Searboroug}l;, Eng.
#Woodman, John 8., Hanover, N. H
Woodruff, H. W. B., New York.
‘Wright, josaph C., Oswego, N. Y.
‘Wurtele, Lewis C., Lennoxville, C. E.
*Wyman, Morrill, M. D., Cambridge,

*Young, Hon. John, Montreal.

The following paid the assessment, but were not formally elected, and did not

Beaubien, Dr.
Brloeaie, De. 1. G.
Court, James. * '

Davis, W. H.
Dougall, J.

Fenwick, George E., M. D.
Gibb, J. C.
Hilton, W.

Jackson, Stephen.
Lench, Dr.

M’Gill, Hon. Peter.
y, R.

Peel, T. B.
Perraalt, O.

Walden, Dr. A. 8.
Weaver, G. W.
‘Wykoffe, J. L.

The following signed the Constitution, but were not elected, and did not pay the

sssesament.
Abbott, J. H.

Bacon, J. BR., Bahama.
Bancroft, Charles, 8t. Johns, C. E.

, Dr. ., Quebec.
g , James, Qr%‘:abec.
D'Urban, William S. M., Montreal.

Harley, Lieut., 34 W. I. Regiment.
Lyman, 8. J.

Poe, David A., Montreal.
Redpath, Peter, Montreal.
Robertson, Duncan, Montreal.
Rodden, William, Montreal.

Sandborn, Edwin D., Hanover, N. H.

. Tompson, J. H., Lennoxville, C. E.

‘Whitney, N. S., Montreal,



Ivi MEMBERS ELECTED AT THE MONTREAL MEETING.

The following have voluntarily withdrawn from the Association, or declined
their election.

g. ]& Angell.(l m Lguon.
. H. Alexander. . T. R. hﬁ'
Gibbs.

William Goddard. Josiah W.
Roswell Field. i




AN ADDRESS

IN COMMEMORATION OF

PROFESSOR J. W. BAILEY,

PRESIDENT OF THE ASBS80CIATION,

DELIVERED BEFORE THE ASSOCIATION, AUGUST 19, 1857,
BY DR. A. A. GOULD.

MR. PRESIDENT, AND (GENTLEMEN OF THE AMERICAN ASSOCI-
ATION POR THE ADVANCEMENT OF SCIENCE,—

‘We are called upon, at this time, to advert to an event
such as has not before occurred in the history of this
Association during the seventeen years since its inception.
He, who was elected at our last session to preside at this
meeting, has in the mean time been taken from us. He,
whom we all delighted to honor, though he sought not pub-
lic honors from men, and who required no higher stimulus to
his ambition nor reward of his toil than the satisfaction de-
rived from the discovery and elucidation of the works and
laws of Nature’s God, has left this arena of trial and doubt
to meet that God; and in His presence, where faith is turned
to sight, we may well believe that he is unfolding with delight,
unmingled with doubt, those wonderful works and perfectly
harmonious laws which so engaged and delighted him on earth.

It is becoming that we should bestow a few moments in

1
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commemoration of his life and labors. There are others, who
knew him much better, and were more conversant with his
special studies than myself, to whom tbis office properly be.
longed; but as in another connection I bad gathered some of
the iterns of his history, dnd had noted the results of his sci-
entific investigations, I have been requested to present them
on this occasion.

JacoB WHITMAN BAILEY was born April 29, 1811, in the old
town of Ward, Mass. (now Auburn), at the residence. of his
grandfather, Rev. Isaac Bailey, the first minister of that town.
In infancy he was removed to Providence, and .therd received
his early education in the ordinary schools.of that day. The
limited resources of his family rendered it necessary that he
should early engage in some employment; and, at the age of
twelve years he was placed at a Circulating Library, where he
attracted the attention of visitors by his studious devotion to
books. At this time also he began a collection of shells and
insects. During a visit of the West Point cadets at Provi-
dence, he became acguainted with some of the offieers, and
then deeided to seek admittance to the Military Academy.
He received an appointment ‘as cadet in July, 1828, and grad-
uated July, 1832. . He was appointed second lieutenant in
the artillery, April, 1833, and was pramoted to first lieutenant,
February, 1837. During this time he was stationed at Qld
Point Comfort, Bellona Arsenal, and Fort Moultrie. But
with the development of his scientific tastes, military life had
few attractions for him; and in 1839 he received, the more
congenial appointment of Professor of Chemistry, Mineralogyy
and Geology in the United States Military Academy, which
appointment he held, first as assistant, and soon afttrwa.rds as
principal, until his death. He was married in 1836, and, wgth
his wife and only daughter, then seventeen years of age, was
"on board the steamer Henry Clay, which took fire on the Hud-
son river, July 28, 1852,  After having lowered. them success-
“fully to the water, and received from them the assurance of

e —
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their safety, he proceeded to follow, when suddenly a volume
of smoke and flame veiled them from his view, and they were
lost. He had previously been subject to a -bronchial affection
and oocaseional spitting of blood, for which he had resorted ta
Florida the previous winter, with decided benefit. But the
exertion and exposure on this occasion, together with the in-
tensity of his bereavement, gave him a shock, from which he
never rallied. "With the exception of an occasional resort to
the sea-shote during vacations, he was afterwards obliged to
exclude himself almost entirely from society. His health
steadily declined’; and, feeling the certminty of the issue, he
employed his leisure in arranging his papers, his microseopical
collections; and ‘his Alge, so that tiey might. be practically
available to his successors. He died on the 27th of February
last, at the age of forty-six.

As a man, he was remarkably unobtrusive and modest, gen~
tle in his manners, truthful in- his chamcter, cordially beloved
by all who had the good fortune to enjoy his acquaintance.

But it is more with his scientific position that we are con-
cerned. His taste for science was very early developed. Be-
ginning with botany and mineralogy, and passing from. those
to geology, chemistry, and microscopy, he traversed a large
portion of the field of natural science. In the departments
more especially relating to his position at West Point he held
a high rank, and his publications show that he introduced
many improvements in chemical manipulation. His corre-
spondence, too, shows that he was extensively consulted by
men of science on some of the most difficult points of analysis
and general physics. His observations were always of the
most careful and accurate character; and he early began the
important practice of making notes of them, accompanied
by delineations, leaving nothing to recollection or mere in-
definite statements-; thus having always at hand, permanent
data for. his subsequent papers. The volume containing these,
which he denominated “ Microscopic Sketches,” is, of itself, a
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surprising evidence of his industry and skill. There are four
hundred and fifty sheets, containing about three thousand
sketches. By his great skill with the pencil he rendered him-
self independent of artists, an accomplishment; for-the lack of
which many of the best observers lose their labors. These
drawings date back as far as 1838, twenty years ago, and en-
able us to trace out the course of his studies, as well as his
wanderings ; for wherever he went, bis mieroscope-or his col-
lecting bottles went with him. At first, ‘we Hhave mostly
sketches of vegetable and animal tissues, arid occasionnlly an
entire animal or plant. In January, 1889, while examining
some aquatic plants, he perceived a curions objeet, ® Gompho-
nema as it subsequently proved, which he did not usderstand.
This excited his attention in that direction, and -sbon: we find
many others of the more common Diatoms delineated. In
March, 1839, he sketched a new one, to which T hrenberg gave
the complimentary name Stauronema Baileyi; and finally he
devoted himself with great zeal to the:varted abjects:included
ander the general term Infusoria, and elso te a-department
almost equally demanding his skill as a microséopist, namely,
the Algee. So far as the Infusoria were coneerndd, he! stated,
in 1843, that no one else in this country had studied. them;
and that it was almost impossible to. procure any works relat.
ing to them. Ehrenberg’s work he had. not :seen, thaugh he
modestly utvers the thought that Khrenberg might sometime
see and correct his paper. -He, however, gradually possessed
himself of “all ‘the important warks on. those subjects, and be~
game the active correspondent of Ebrenberg, Kiitzing, Agardh,
Queckett, Ralfs, Harvey, Greville, DeBrébisson, Montagne,
and very many others. Fossil deposits,:mud, and: guano, were
eollected from every quarter for:investigation.” The various
exploring expeditions were-laid under:contribution ;' and more
recently, the objects'brought up on the sounding-lead in the
coast survey, and by Lieut. Berryman’s line ¢f..sonundings
across ‘the Atlantic, made in referemce to ihe laying, of the




JACOB WHITMAN BAILEY. 5

telegraphic cable, ocoupied his attention. In pursuing these
examinations he found the relics from the bottom so well
characterized in certain localities and at certain depths, that
he suggested the possibility of being able, in some instances
at least, to determine the safety or otherwise of a vessel, by
an examimation. of the organisms brought np. on the sounding
lead, when prevented by darkness, snews, or fogs, from decid-
ing by ordinary observations.

Not a little of -the obligations of mwrosoopxsts to Prof. Bai-
ley is due: for his labors to improve the microscope. At any
rate, few amomgus have venturéd upon the purchase of a-val-
uable instrument, without first consulting him in reference to
it, and perhaps taxing him with unwelcome negotiations; and
his letters show that nomerous applications of this kind must
have been a most:.serious tax upon bis time. It is said that
his own early observations were made with globules of glass
blown .by himseélf. .After he became possessed of a proper
instrumnent, many modifications in the construction of the
stage and its movements, and in other appendages, were made
by him; and it is to his experience and scientific deductions,
conpled with. the genius and incomparable mechanical skill
of Spencer, that we are indebted for the most powerful micro-
scopes that have yet been made. His masterly and trium-
phant defence of them against the detractions of transatlantic
pens, also exhibits his complete mastery of the subject. One
of his last essays was to construet an Indicator, by means of
which the place of any object on a slide might readily and
certainly be found.  No one, in looking at the card, would
credit theé labor-and thought which he, in conjunction with his
friends, Judge Johuson and Mr. Gavitt, bestowed upon it
Many futile efforts were made, and many quires were used in
correspondence, before the accuracy of its measurements, and
a method for the unerring applwatlon of it, were satisfactorily
accomplished. .

At a very eaxly date, Prof. Bmley began to publish the re.

1 -
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sults of his observations, — a duty too often neglected by scien-
tific men. His publizhed papers are very numerous,— more
than fifty, — extending as far back as 1837, and up to his very
last hours. They were, for the most part, very brief, free fiom
ostentation, aiming to communicate faets in the simplest and
most direct manner. In the words of his friend, Prof. Gray,
“they are all clear, explicit, and unpretending as they are thor-
ough; and evergone of them embodies some direct and pos-
itive contribution to science.” Most of them were terminated
by a condensed statement of the general facts elicited, so as
to show, at a glance, the subject, and result arrived at. They
are mostly to be found in Silliman’s Journal of Seience, or in
the Smithsonian Contributions to Knowledge, except one in
the first volume of the Transactions of the Association of
Geologists and Naturalists, which' embodied his previous pa-
pers on the Infusoria of the United States, with additions,
and which gave him at once a high pésmén as a scleutlﬂc
naturalist.

His MicroscorrcaL CorLeorroN ‘will constitute “his most
splendid monument. The slides, of which there aré’ five hun-

. dred and fifty, are arranged in boxes in the form of o¢tavos, of

which there are twenty-four volumes. Mere 'than three thou-
sand objects, fixed upon slides, are catalogued and noted with
reference to Bailey’s Indicator, thus enabling any one readily
to find with certainty the identical specimens desctibed by
him. There are also very many other slides not included in
the regular collection. Being objects either deseribed by him-
self or given to him by other describers, this collection must
always possess the highest authority, and must be our ultnmate
reference in all cases of doubt. ¢

The COLLECTION OF ALGE is equally complete and authentic.
It consists of thirty-two portfolios, containing "about 4,500
specimens; and it may safely be said that few éoﬁectibns m
the world are superior to it. = - Tt

It is probably well known that ‘Prof. Bmley beq\leathed his
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‘Microscopical Collection, his Collection of Alge, his books on
Botany and Microscopy, his Memoranda and his Scientific
Correspondence, to the Boston Society of Natural History.
‘While the Society intends to keep this bequest sacredly, it
‘means also to make it as extensively useful as possible. I
besitate riot, in behalf of the Society, to invite all who are pur-
suing similar reseatches to consult these collections, whenever
convenient,—and to give assuranoe also, that any questions
which may be solved by it may be freely addressed to the So-
ciety. A: large collection of rough material for microscopic
research, from many of the most interesting localities, is also
in the possession of the Society, and will be distributed to mi-
croaeopists and socjeties,

Such are some of the principal events in the history of our
dlstmgmshed associate and President, and such are some of
the accumulated fruits of his scientific labors, — labors which
were performed in addition to the full duties of a professor-
ship, executed with military precision and punctuality. He
may well. be styled the Ebrenberg of America, and has won
for bimself .a place by the side of the most eminent micro-
scopists and algologists of the old world. He will always stand
as the father, in_ this country, of thase branches of Natural
History which relate to the world of atoms, and must for ever
remain the standard reference here in relation to them. Let
no man think lightly of them because they relate to little
things, to0 emall to be discerned by the unassisted eye. Are
they nat equally the handiwork of Him who made and sped
the spheres, and formed man in his own image? And if he,
by the microscope, demonstrated the vegetable structure of
coal, illustrated the ]owest habitable depths of the ocean, set-
tled the nature of same of the important geological strata, and
of the,vast deserts otherwise deficient 'in geological indica-
tions, — questions of practical importance in our investigations
of the crust of the earth, let him receive a corresponding rank
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with him who points the telescope to the mighty orbs above,
determines their magnitudes and movements by scientific in-
duction, and thereby enables us to determine our place upon
that crust.

I cannot refrain from quoting, in conclusion, the words of
an intimate friend in a letter to him, on learning of his ap-
pointment as President for this meeting. He,says, “ I am sure
every one acquainted with what you have done for the ad-
vancement of science, American science, and American scien-
tific character, will say, that no appointment, at the present
time, could be more appropriate or,just.,, I hqpe the great Dis-
poser of events, whose minute works you have done so much
to place before our eyes in all their exquisite beauty of form,
of workmanship, and of adaptation, will give you yet many
years to enjoy the honors you have so honestly acquired, and
to add many more discoveries to those you have already se-
cured” And may I not respond for you all, Would that this
desire had been granted !
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"WILLIAM C. REDFIELD,

FIRST PREBIDENT OF THE ABB80CIATION.

, DELIVERED BEFORE THE ASSOCIATION, AUGUST 14, 1857,
' | BY PROFESSOR DENISON OLMSTED, LL.D.

MRr. PRESIDENT, AND GENTLEMEN OF THE AMERICAN ASSOCI-
ATION FOR THE ADVANCEMENT OF SCIENCE, — Since last we met,
the Destroyer has been very busy in our ranks. Besides other
beloved and respected associates, our earliest and our latest
Presidents have suddenly vanished from our midst ;— Redfield,
who was the first to suggest the idea of the American Asso-
ciation on its present comprehensive plan, and the first to pre-
side over its deliberations, and Bailey, who, we fondly hoped,
would occupy the same distinguished position on the present
occasion. From the vision of both, as we humbly trust, the
veil which permits us here to see only through a glass darkly
isremoved; and the grand laws of Nature, and the infinitesi-
mal, no less than the infinite in God’s works, are revealed to
them in the clear light of heaven.

With Mr. Redfield my acquaintance has been long and inti-
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mate. I was conversant with his earliest researches on the
subject which is so closely associated with his name, and I
have been constantly a witness of his untiring, self-sacrificing
labors in the cause of science, throngh all the subsequent
years of his life. I respected him as a man; I admired him
as a philosopher; I loved him as a friend. 'We miss him here,
always the earliest to come and the latest to depart. We
miss his gentle tones, his kindly greetings. We miss still
more the radiance which his clear mind cast upon our path-
way up the hill of science. Iam thankful for the opportanity
of presenting before this learned assembly a synopsis of his
scientific labors. Some brief notice also of his personal his-
tory may be acceptable, not only to satisfy the wishes of his
friends, but for the benefit of his example, which, I trust, will
especially commend itself to the self-taught votary of science,
and to all who are engaged in the pursuit of knowledge under
difficulties, both as an incentive and a model. A life passed
in the ordinary walks of business or in the quiet of philosoph-
ical research, affords little of that romantic incident which
lends a charm to biography; still we think the life of M.
Redfield affords an interesting and instructive theme for con-
templation in a threefold point of view,—as affording a
marked example of the successful pursuit of knowledge under
difficulties,— as happily illustrating the union in the same
individual, of the man of science with the man of business, —
and as exhibiting a philosopher, whose researches have ex-
tended the boundaries of knowledge, and greatly augmented
the sum of human happiness.

‘WrLiad C. REDFIELD was born at Middletown, Connecti-
cut, on the 26th * of March, 1789. He wus of pure English
descent, both by the father's and mother's side. His father,
from a natural love of adventure, chose in early youth a sea-
faring life, and afterwards followed the seas as a profession to

# Printed erroneously in Silliman’s Journal, * 25th of March.”
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the time of his. death, which happened when this, his eldest
son, was only thirteen years old. His early training, therefore,
devolved chiefly on his mether, who was a woman of supe-
rior mental endowments and of exalted Christian character.

Fhe .slender pecuniary resources of the family would not
allow young Redfield any opportunities of school education
beyond those.of the common schools of Connecticut, which,
at that time, taught little more.than the simplest rudiments —
reading, spelling, writing, and a little arithmetic; and all ac-
cess 1o the richer treasures. of knowledge seemed to be forever
denied him, when, at the early age of fourteen, he was removed
to Upper Middletown, now called Cromwell,and apprenticed to
a mechanic, whose tasks engrossed every moment of his time
except a-part of his evenings, These brief opportunities,
bowever, he most diligently spent in the acquisition of knowl-
edge, eagerly devouring every scientific work within his reach.
He was denied even a lamp for reading by night much of the
time during his apprenticeship, and could command no better
light than that of a common wood fire in the chimney corner.
Under all these disadvantages, it is evident that, before he was
twenty-one years of age, he had acquired po ordinary amount
and variety of useful knowledge. During the latter part of
his apprenticeship, he united with other young men of the vil-
lage in forming g debating society, under the name of the
“ Friendly Association,” with which was connected a small
bnt growing library. To this humble literary club Mr. Red-
field always ascribed.no small agency in inspiring him with a
love of knowledge, and a high appreciation of its advantages;
and during his future years, he nursed and liberally aided by
his contributions this benefactor of his youth.

Fortunately for young Redfield, a distingunished and learned
physioiam, Dr. William Tully, fixed his residence in the same
village, and generously opened to him.his extensive and well-
selected library; and, what must have been equally inspiring
to youthful genius, Dr. Tully furnished him with a .model of
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an enthusiastic devotee to knowledge, and of a mind richly
stored with intellectual wealth. The modest youth who first
presented himself as a suppliant for the loan of a book from
the Doctor’s library was soon recognized as a congenial spirit,
and was admitted to an intimate friendship, which lasted to
the day of his death. Dr. Tully has favored us with the par-
ticulars of his first acquaintance with our friend. On his ap-
plication for a book to occupy such moments as he could
redeem from his daily tasks, the Doctor, being then ignorant
of his.acquirements or his taste, opened different cases of his
library, submitting the contents of each to his selection.
Among a great variety of authors, that which determined his
choice was Sir Humphrey Davy’s Elements of Chemistry.
As this was one of the earliest systematic works that contained
the doctrine of Chemical Equivalents, a subject then consid-
ered as peculiarly difficult, and one understood by few readers
of the work, the Doctor had little expectation that this young
inquirer after knowledge would either understand or relish it.
In a short time he returned the book, and surprised the Doctor
by evincing a thorough acquaintance with its contents, and
expressing a high satisfaction, in particular with the doctrine
of chemical equivalents, which, he said, he had then met with
for the first time. ‘

‘Some time before young Redfield reached the end of his
apprenticeship, his widowed mother had married, and removed
to the State of Ohio. He was no sooner master of his time
than he set out on foot to pay her a visit in her new home,
distant more than seven hundred miles. It was a formidable
undertaking, at that early period before the age of steamboats
and railways, and when a large part of the way was covered
with dense forests, with hardly an open path even for the pe-
destrian. Stage-coaches, indeed, ran on the nearer portions of
the route, but these were too expensive for the slender finances
of our young adventurer. Accompanied, therefore, by two
other young men, he shouldered his knapsack, and commenced
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the arduous journey. Every evening he noted down the inci-
dents and observations of the day. This journal is now in my
possession, and I have perused it with deep intetest for the
graphic sketches it contains of the countries he passed through,
then mostly new settlements, and for the indications it affords
of those powers of observation which afterwards led to the
development of .the laws of storms. The style of composi-
tion is far superior to what might reasonably have been ex-
pected from one who had enjoyed so few literary advantages,
evineing two qualities for which Mr. Redfield was always dis-
tinguished —good sense and good taste. The sketches of
Western New York, and of Northern Ohio, taken while the
sites of Rochester and Cleveland were dark and gloomy for-
ests, and Buffalo was a mere hamlet, possess no ordinary
degree of historical interest. Instead of a “Lake Shore”
road, traversed by the iron horse, as at present, our young pe-
destrians could find no better paths in which to travel over the
southern side of Lake Erie than to course along the beach.
Yet in twenty-seven days they made good their journey, hav-
ing rested four days on the way, making an average of about
thirty-two milés per day. After passing the winter with his
friends in Ohio, he resumed his way homeward, on foot and
alone, returning by a more southern route, through parts of
the States of Virginia, Maryland, and Pennsylvania. We
shall soon see to what valuable account he afterwards turned
the observations made on these early pedestrian tours, in trac-
ing the course, as well as originating the project, of a great
railway connecting the Hudson and the Mississippi rivers.
Returning to his former home in 1811, Mr Redfield com-
menced the regular business of life. No circumstances could
seem more unpropitious to his eminence as a philosopher, than
those in which he was placed for nearly twenty years after his
first settlement in business. A small mechanic in a country
village, eking out a scanty income by uniting with the products
of his trade the sale of a small assortment of merchandise,
2
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Mr. Redfield met with obstacles which, in ordinary minds,
would have quenched the desire of intellectnal progress. Yet
évery year added largely to his scientific acquisitions, and
developed more fully his intellectual and moral -energies.
Meanwhile his active mind left its impress on the quiet com-
munity where he lived, in devising and carrying out various
plans for advancing their social comfort and respectability, in
the improvement and embellishment of their streets, school-
bouses, and churches, and in promoting the interests of the
literary club, from which he himself, in early youth, had de-
rived such signal advantages. From deep domestic trials
which afflicted him about the year 1820, he had recourse for
solace both to the word and the works of God. It was soon
after one of the severest of these trials that his attention was
first directed to the subject of Atlantic Gales.

On the 3d of September, 1821, there occurred, in the east-
ern part of Connecticut, one of the most violent storms ever
known there, and long remembered as the “great September
gale.” Shortly after this, Mr. Redfield, being on a journey to
the western part of Massachusetts, happened to travel over a
region covered by marks of the ravages of the recent storm.
He was accompanied by his eldest son, then a young lad, who
well remembers these early observations of his father, and the
inferences he drew from them. At Middletown, the place of
Mr. Redfield’s residence, the gale commenced from the south-
east, prostrating the trees towards the north-west; but on
reaching the north-western part of Connecticut, and the neigh-
boring parts of Massachusetts, he was surptised to find that
there the trees lay with their heads in the opposite direction,
or towards the south-east. He was still more surprised to find,
that, at the very time when the wind was blowing with such
violence from the south-east at Middletown, a north-west wind
was blowing with equal violence at a point less than seventy
miles distant from that place. On tracing further the course
and direction of prostrated objects, and compaving the times
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when the storm reached different places, the idea flashed upon
bis mind that the storm was a progressive whirlwind. A con-
vietion thus foreed upon his mind, after a full survey of the
facts, was not likely to lose its grasp. Amid all his cares, it
clung to him, and was cherished with the enthusiasm usual to
the student of nature, who is conscious of having become the
honored medinm of a new revelation of her mysteries. Noth-
iag, however, could have been further from his mind than the
thought, that the fall development of that idea would one day
place him among the distinguished philosophers of his time.
8o little, indeed, did he dream of fame, that, for eight or nine
years after the first: conception of his theory, he gave little at~
teation . to . the etudy of the phenomena of storms, but was
deeply engrossed in othér enterprises, which, although foreign
to this subject, were alike evincive of his original and inven-
tive turn of mind.: Of these we may teke a passing notice.

- Before the scientific world, Mr.. Redfield has appeared so
exclusively in the character of a philosopher, especially of a
meteorologist, that they have been hardly aware of the impor-
tant services he.has rendered the public in the character of
raval engtneer, particularly in the department of steamboat
mavigation. Hia attention was turned professionally towards
this subject as early as the year 1820, when he became much
interested in an experiment with a small boat propelled by an
engine of new and peculiar construction, the invention of
Franklin Kelsey, Eaq., 2 townsman of his. Although the en-
terprise was not successful to the company, yet to himself it
was not destitute of valuable results, as it was the occasion of
bis acquiring a more intimate knowledge of the properties of
steam, of steam navigation, and of ship-building. On the
mins of that enterprise was erected another, which, after some
dvicissitudes, acquired a permanent success, and opened to him
a sphere of professional labor, which constituted ever after-
wards the leading object of his life, as a man of business.
Several disastrons steamboat explosions had spread alarm
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through the community, and created a general terror of steam-
boats. Redfield was the first to devise and carry into execu-
tion the plan of a line of safety barges to ply.on the Hudson
between New York and Albany. The scheme was to con-
struct a passenger boat to be towed by a.steamboat at such a
distance from it as to.avoid all apprehension of danger to the
passengers. Large and commodious barges were built, fitted
wp with greater taste and luxury than had at that time been
exhibited by steamboats. With these.were .coppected two
large and substantial steamers ; and in the excited state of the
public mind, these safety barges became great. favorites with
travellers, especially with parties of pleasure., But opr coun-
trymen never hold their fears long; a short interval of exemp-
tion from steamboat accidents ended the excitement, while the
greater speed attained by the ordinary boats, and the lower
fare, gradually drew off passengers from the safety barges,
yntil they could be no longer run with profit to the,company,
and were abandoned. But the idea was not without profit,
for it suggested to him the system of fow-boats for conveying
freight, which was established in the spring of 1826, and still
continues under its original organization. . 'The fleets of barges
and canal boats, sometimes numbering forty or fifty, which
make so conspicuous a figure on the Hudson river, were thus
set in movement by Mr. Redficld, and. for thirty years the
superintenderice of the line first established congtituted the
appropriate business of our friend,, In its management he
employed unwearied industry, superior .mechaniqal genius for
contriving expedients, and a knowledge of bath.the scieuce
and art of steam navigation, possessed by few.men of busi-
pess. Seldom have we seen the inductive philosopher so hap-
pily united with the practical engineer, each character . borrow-
ing aid from the other. I know not that any other man con-
nected with the management of a steam-navigation concern,
as his profession, ever carried into his business mgre of the
spirit of true science; and it is chiefly on this.account that I




WILLTAM C. REDFIELD. 17

have thought it fitting to attend our associate into the familiar
walks of business, for the purpose of seeing how compatible,
and how productive of useful results, is the happy union, in
the same person, of the philosopher and the man of business.
No one else would have so thoroughly collected the statistics
of the profession in this country, embracing all the facts relat-
ing to the explosion of stearnboat boilers, as they successively
occurred, the number of lives lost, the number of deaths by
steam compared with those by lightning, and the number com-
pared with those lost by other modes of travel. Moreover,
while Mr.' Redfield was diligently pursuing his daily business,
and conducting with success the affairs of the « Steam Navi-
gation Company,” he was also collecting facts for the improve-
ment of the art itself, or for securing the safety of passengers.
He divised simpler, cheaper, and safer forms of apparatus
than those in general uze. He investigated the influence of
legal enactments for regulating steam navigation, and pointed
ont to legislatures and governments the inefficacy or inexpedi-
ency of such enactments, and suggested the true measures to
be taken to promote the convenience and secure the safety of
the public. He addressed a series of letters through the public
prints to one of our prominent naval commanders, setting
forth the adaptedness of steam as an agent of national de-
fence. He responded to the call of the Secretary of the Uni-
ted States Treasury to point out the causes of steamboat ex-
plosions, and to suggest the means of safety. Happy would
it be, if in all the great operations of the mechanical arts, the
true spirit of the philosopher were 80 fully conjoined with the
~ practical ‘knowledge and skill of the engineer. How rapid
would be the improvement of the arts! How science and
art would walk hand in hand, and mutually aid and illustrate
each other!

We turn now to another subject which engaged the atten-
tion of Mr. Redfield, and brought into exercise his remarkable
sagacity and forecast. He was the first to place before the

2"
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American people the plan of a system of railroads connecting
the waters of the Hudson with those of the Mississippi. His
pamphlet containing this project, issued in 1829, is a proud
monument of his enlarged views, of his accurate knowledge
of the topography of the vast country lying between these
great rivers, of his extrpordinary forecast, anticipating, as he
did, the rapid settlement of the Western States, the magic
development of their agricultural and mineral wealth, and the
consequent rapid growth of our great commercial metropolis.
The route proposed is substantially that of the New York and
Erie Railroad, as far as this goes; but his views extended still
further, and he marked out, with prophetic accuracy, the
course of the railroads which would connect with the Atlantic
States the then infant states of Michigan, Indiana, and Illi-
nois. These, he foresaw, would advance with incredible rapid-
ity the settlement of those regions of unbounded fertility, and
would divert no small portion of the trade from the Misrissippi
to the great metropolis of the east.

It must be borne in mind that railroads, for general trans-
portation, were unknown in this country until 1826, when the
project of coustructing the Albany and Schenectady Railroad
was first entertained. As yet the advantages of railroads had.
not, with us, been practically demonstrated, and especially
their advantages over canals were not generally understood or
appreciated. At the moment when the Erie Canal, haviag just
been completed, was at the sammit.of its popularity, Mr. Red-
field set forth in his pampblet, under nineteen distinct beads,
the great superiority of railroads to canals, advantages which,
although then contemplated only in theory, have:been fully.
established by subsequent experience. He had even antici-:
pated that after the construction of the proposed great trunk
railway connecting the Hudson and the Mississippi, many lat-,
eral railways and canals would be built, which .would.bind in
one vast network the whole great West to the Atlantic States.
«This great plateau (says he) will indeed one day be inter-
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sected by thousands of miles of railroad communications;
and so rapid will be the increase of its population and re-
sources, that many persons now living will probably see most
or all of this accomplithed.”” How well has this remarkable
prediction, uttered in 1829, when there was not a foot of rail-
road in all the country under review, been fulfilled, and how
truly has it happened that many of the elder members of this
association still live to witness its accomplishment!

The motives which impelled Mr. Redfield to spread this sub-
ject before the American people at that early day, when rail-
roads were scarcely known in this country, were purely patri-
otic. He had no private interests to subserve in the proposed
enterprise, and the whole expense of preparing and publishing
two editions of the: pamphlet embodying these enlarged and
prophetie views was defrayed from his own limited resources.

In 1832, Mr. Redfield, in company with Mr. Morgan, civil
engineer, reconnoitred the series of interior valleys through
which the Harlem Railroad now rans, with a view to the estab-
lishment of the New York and Albany Railroad. He was in-
stramental in obtaining the charter of that road, and published
a pamphletéentitied “ Facts and Suggestions relating to the
New York and Albany Railroad.” About the same period,
in- connection with James Brewster, Bsq., of New Haven, he
explored the route of a railroad leading from New Haven to
'Hartford, which afterwards resulted in the construction of the:
Hartford and New Haven Railroad. Aws early as 1829, he ad-
dressed a memorial to the Common Coune¢il of the city of
New York, asking permission to lay an experimental railroad
in Canal street. The project of a railroad through one of the
public streets of New York was, at that time, considered as
chimerical, but time has devcloped the wisdom of the plan,
and illustrated the sagacity and forecast that first devised it. ..

When the project of the Hudson River Railroad was started,
he entered into it with his characteristic enthusiasm, and was
a member of the board of directors which brought that road to’
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its final completion. In the progress of the work he was deeply
interested, frequently visiting all parts of the line, and at differ-
ent periods examining on foot the entire road between New
York and Albany. His associates of the board acknowledged
themselves indebted to him for many valuable suggestions re-
Jating to its construction.*

But we turn from these noble enterprises, in which the phi-
losopher and the engineer were happily united in the same in-
dividual, to the consideration of the great subject which, from
this time, formed the leading object of his life, namely, to
perfect his theory of storms. Nor do we turn away from great
practical subjects to such as are merely speculative. The lives
and property which Redfield’s disinterested labors in behalf of
steam navigation contributed to save, would, we believe, be
of small amount compared with the sailors and ships which
the rules founded on his theory of storms, when fully applied
to practice, will save from shipwreck. .

We have already seen that the attention of Mr. Redfield:
was first drawn to the ‘subject of storms in the year 1821, by
examining the position of trees prostrated by the great Sep-
tember gale, which passed over Connecticut and ¢he western
part of Massachusetts that year. Although he had never lost
sight of the theory of storms, yet the multifarions business
concerns which engrossed the greater part of his time for a
number of years afterwards, prevented his bringing it dis-
tinctly before the public until the year 1831. I chanced, at
that period, to meet him for the first time on board a steam-
boat on the way from New York to New Haven. A stranger

* From the outset Mr. Redficld maiotained that the low rate of fares at first
adopted would prove inadequate to sustain the roaud, and published in the papers
of that day a serics of articles to show that the road could not be supported at &
less rate than two cents per mile. These views met with much opposition at the
time, not only from residonts on the line of the road, but fromn wmembers of the
board of directors. But the result has proved the soundness of his judgment on
that point. '
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accosted me, and modestly asked leave to make a few inqui-
ries respecting some observations I had recently published in
the American Journal of Science on the subject of hailstorms.
1 was soon sensible that the humble inquirer was himself a
proficient in meteorology. In the course of the conversation,
he incidentally brought out his theory of the laws of our At-
lantic gales, at the same time stating the leading facts on
which his conelusions were founded. - This doctrine was quite
new to me; but it impressed me so favorably that I urged him
to communicate it to the world through the medium of the
American Journal of Science. He manifested much diffidence
at appeating .as an .author before the scientific world, profess-
ing only to be a practical man little versed in scientific discus-
sions, and.unacoustomed to write for the press. At length,
however, he said he would commit his thoughts to paper, and.
send them to me, on condition that I would revise the manu-
seript and superintend the press. Accordingly, I soon received
the first of .a long series of articles on the laws of storms, and
hastened to procure its insertion in the Journal of Science.
Some few of the statements made in this earliest development
of. his theory he afterwards found reasons for modifying ; but
the great features of that theory appear there in bold relief.
Three years afterwards he published, in the 25th volume of
the sawe journal, an elaborate article on the hurricanes of the
West Indies, in. the.course of which he gives a full synopsis
of the leading points of his doectrine, as matured by a more
extended analysis of the phenomena of storms than he bad
made when he publjshed his first essay,

Possibly some of those whom I have the pleasure to ad-
dress may not have fully acquainted themselves with Red-
field’s theory of storms, and would desire to be informed of
its leading principles. I understand this théory to be, substan-
tially,’as follows: —

That adl violent gales or hurricanes are great whirlwinds, in
which the wind blows in circuits around an-axis either vertical’
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or inclined ; that the winds do ot move in horizontal circles,
as the usual form of his diagrams would seem to indicate, but
rather in spirals towards the axis, a descending.spiral move-
ment externally, and ascending internally.

That the direction of revolution is always uniform, being
from right to left, or against the sun, an the narth side of the
equator, and from left to right, or with the sun, on the south
side. )

That the velucity of rotation increases from the margin
towards the centre of the storm. )

That the whole body of air subjected to this. spiral rotation
is, at the same timne, moving forward in a path, at a variable
rate, but always with a velocity much less thauo its velocity of
rotation, being at the minimum, hitherto observed, as low as
four miles, and at the maximum forty-three miles, but more
commonly about thirty miles per hour, while the. motion of
rotation may be not less than from one hundred to three hun-
dred miles per hour. .

That in storms of a particular region, as the gales of the
Atlantic, or the typhoons of the China seas, great uniformity
exists in regard Yo the path pursued, those of the Atlantic, for
example, usually issuing from the equatorial regions eastward
of the West India islands, pursuing, at first, a course towards
the north-west, as far as the latitude of 30° and then gradu-
ually wheeling to the north-east, and following a path nearly
parallel to the American coast, to the east of Newfoundland,
until they are lost in mid-ocean; the entire path when delin-
eated, resembling a parabolic curve, whose apex is near the
latitude of 30°. ,

That their dimensions are sometimes very great, being not
less than one thousand miles in diameter, while their path
over the ocean can sometimes be traced for three thousand
miles. .

That the barometer, at any given place, falls with increas-
ing rapidity as the centre of the whirlwind approaches, but
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rises at a corresponding rate after the centre has passed by ;
and finally,

That the phenomena are more uniform in large than in
small storms, and more uniform on the ocean than on the
land.

Thaese laws Mr. Redfield claims as so many facts indepen-
dently of all hypothesis; as facts deduced from the most rig-
orous induction, which will ever hold true, whatever views
may be entertained respecting the origin or causes of storms.

The method adopted by the author of this theory, in all his
inquiries, — the method which first led him to the discovery of
the whirlwind character of storms, and afterwards fully con-
firmed the doctrine, — was first to collect and then to collate
as many records as possible of vessels that had been caught in
the storm, in various parts of the ocean. The most laborious
and profound investigation of this nature of which he has left
us an example is in the case of the Cuba hurricane of Octo-
ber, 1844. First, he examined all accessible marine reports of
vessels that had arrived in port after eficountering the storm;
secondly, he inspected the log-books of all such vessels, as far
as was practicable, and carefully transcribed their records ; and,
thirdly, by an extended correspondence, he obtained a great
number of written statements from’ shipmasters, who of all
men would be the most accurate and vigilant observers. The
different independent accounts obtained from these various
sources amounted to no less than one hundred and sixty-four,
all of which were reduced to the form of tables, containing the
latitude and longitude of each vessel or place at the time of
observation ; the exact date and duration of the gale; the suc-
cessive directions of the storm-wind ; the state of the barom-
eter ; and, finally, every additional particular, that was deemed
of the least importance in determining the peculiar character-
istics of the storm. With these data before him, he spread
out a marine chart, and having noted on it the position of each
vessel and place with the direction and force of the wind, the



24 ADDRESS IN COMMEMORATION OF

plot itself proclaimed to the eye the whirlwind character of the
storm ; and the comparison of dates, and corresponding courses
of the winds, and respective atates of the barometer, showed the
dimensions of the storm, its rotary and progressive velocities,
its duration at any given place, and its various degrees of vio-
lence at different distances from the centre. In the character
of the researches before us, conducted as they were, not in the
shades of philosophic retirement and learned leisure, but in
hours redeemed from the pressing avoeations of an onerous
and responsible business, or borrowed from the season allotted
to sleep, we trace qualities of mind that belong only to the
true philosopher.

The benevolent and practical mind of Redfield had no
sooner established the laws of storms than it eommenced the
inquiry, what rules may be derived from it, to promote the
safety of the immense amount of buman life and of property
that are afloat on the ocean, and exposed continually to the
- dangers of shipwreck; in this imitating our Franklin, who, as
soon as he had discovtred the identity of lightning with the
electricity of our machines, hastened to the inquiry, How may
we so apply our knowledge of the laws of electricity as to dis-
arm the thunderbolt of its terrors? We might pursue the
comparison and say, that, as every building saved from the
ravages of lightning by the conducting rod is a token both of
the sagacity and the benevolence of Franklin, so every vessel
saved from the horrors of shipwreck by rules derived from
these laws of storms, is a witness to the sagacity and benev-
olence of Redfield. Other writers on the laws of storms, es-
pecially Reid and Piddington, have lent important aid in
establishing rules for navigators, until it is now easy for the
mariner, by the direction in which the gale strikes the ship, to
determine his position in the storm, and the course he must
steer in order to escape from its fury. Nor are testimonies
wanting of the successful application of these rules. The
most accomplished navigators (we might instance, particularly,
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Commodores Rodgers and Perry, and Commander Glynn, of
the U. 8. Navy) have testified, that, within their knowledge
and in some cases within their own observation, many ships
have owed their deliverance from the perils of shipwreck to a
faithful observance of the rules derived from Redfield’s theory
of storms. In no department, perbaps, of the studies of nature,
have mankind been more surprised to find things governed by
fixed laws, than in the case of the winds. It is now rendered
in the highest degree probable, that every breeze that blows is
a part of some great.system of aerial circalation, and helps to
fulfil some grand design. “Inconstant as the winds” has long
been a favorite expression to denote the absence of all uni-
formity or approach to fixed rules; but the researches of the
meteorologists of our times force on us the conclusion, that the
winds, even in the violent forms of hurricanes and tornadoes,
are governed by laws hardly less determinate than those which
control the movements of the planets.

It bas been often noticed in the history of science and the
arts, that great discoveries and inventlons spring forth simul-
taneously from different independent sources. Thus the dis.
covery of oxygen gas, the greatest single discovery in chemis-
try, was made almost at the same moment by Priestley in
England and Scheele in Sweden ; and the method of fluxions,
or the infinitesimal calculus, was invented at nearly the same
time by Newton and Leibnitz. Such discoveries and inven-
tions are the true resultant of innumerable forees, which, at
that moment, and never until then, since the origin of time, all
conspired. It is remarkable that the idea that great storms
are progressive whirlwinds was, for the first time, embraced
uvearly at the same instant by Redfield and Dowé, althongh the
conclusion was arrived at by totally different methods of in-
vestigation. Mr. Redfield says, in a note to his paper on the
Cuba hurricane, published in 1846, that it was not until seven
years after the publication of his theory of the rotary and
progresgive character of storms, that he became acquainted

8



26 * ADDRESS IN COMMEMORATION OF

with the suggestions and opinions of Col. Capper, and with
the particular views and elucidations published by Professor
Dové in his paper on Barometric Minima, found in Poggen-
dorff’s Annalen for 1828, To all who were personally ac-
quainted with Redfield, it would be qnite upnecessary to
adduce any other evidence than his simple declaration, of thre
perfectly original and independent character of his theory of
the laws of storms. But we might refer to the circumstances
under which it was conceived, when he was far removed from
all libraries, and all intercourse with the seientific world ; and
as respects Dové in particular, whose essay was communicated
to the public in 1828, it may be said, that at that.period there
was scarcely a copy of Poggendorff’s Annalen (in which
Dove’s essay appeared) in the United States; and being in
the German language, nothing could be more.improbable than
that its contents were then konown to Redfield. In 1838,
our friend found, to his great joy, a most able ally in Col. Reid
of the Royal English Engineers, then stationed in the islapd
of Barbadoes. The earliest inquiries of Col. Reid were based
on a violent hurricane, which occurred in that island in the
year 1831. Searching for accounts of previous storms, he
met with nothing satisfactory until he fell in with Redfield’s
earliest paper, respecting the September gale of 1821, published
in the American Journal of Science. With the view of test-
ing Redfield’s doctrines, he submitted to the closest scratiny
the records which the Barbadoes storm had left of its ravages,
—.an investigation which ended in a perfeot conviction that
this storm was a progressive whirlwind. A friendly corre-
spondence was shortly afterwards opened between these two
congenial spirits, which resulted in an intimacy, unbroken ex-
cept by the hand of death. Commodore Perry, in the recent
Report of his Japan Expedition, thus expresses himself in an
introductory note to Mr. Redfield’s Essay (the latest of his
published works) on the Cyclones of the Pacific; addressed to
Commodore Perry, and forming a part of:his volume. « It
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was my good fortune (says the Commodore) to enjoy, for
many yeary, the friendly acquaintance of one as remarkable
for modesty and unassuming pretensions, as for laborious ob-
servation and inquiry after knowledge. To him and to Gen.
Reid of the Royal Engineers of England (now Governor of
Malta) are navigators mainly indebted for the discovery of a
law which has already contributed, and will continue to con-
tribute, greatly to the safety of vessels traversing the ocean.
It is true that sabsequent writers have furnished additional in-
formation on this subject ; but to Redfield and Reid should be
ascribed'the credit of the original discovery of this undeniable
law of nature, and its application to useful purposes; and
there can be nothing more beautiful, as illustrative of the
character of these two men, than the fact, well known to my-
self, that notwithstanding their simultaneous observations and
discoveries, in different parts of the world, neither claimed the
slightest merit over the other, but each strove to give to his
co-worker in research the meed of superior success in the great
object of their joint labors; and thus, without ever meeting, a
strong friendship was formed between them, growing out of
congenial aspirations for an honorable fame, and mutuaal ad-
miration of the generous and enlightened views exhibited by
each other; and this ennobling feeling was kept alive to the
last by friendly correspondence.” ’

The idea of whirlwinds is indeed mueh older than Redfield
or Reid, being as old as the writings of the Psalmist and the
Prophets ; and we safely admit further, that the doctrine of
ocean gales being sometimes of a rotary character had betn
hinted at by several writers, as hints of such a principle as
gravitation had fong preceded the investigations of Newton;
but the honor of having established on satisfactory evidence
the rotary and progressive character of ocean storms, and de-
termining their modes of action or laws, it is due alike to the
memory of the departed, and to our country’s fame, to claim
for WrLLiam C. RepFiELD.
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Back of the laws that govern these ocean gales, as first de-
termined by Redfield and confirmed by Dové, Reid, Pidding-
ton, Thom, and other well-known writers, lies a more profound
inquiry, How are these laws themselves to be aceounted for ?
What sets the storm in notion, and gives it the whirlwind
character, and at the same time carries it forward, and in so
definite a path? What makes it revolve always from right to
left on tbe north side of the equator, and from left to right on
the south side? Why does its violence increase tqwards.the
centre of the storm, and why is its force there so tremendous?
Laws, it must be remembered, are facts, and merely express
the modes in which natuore acts ; they are themselves phenom-
ena to be accounted for. To which of the ultimate causes of
physical phenomena is their origin in the present case to be
traced? Is it heat? Is it electricity ? Is.it gravity? Isit
connected in some way with the grand system of planetary
motion? Questions of this kind were pressed on Mr. Red.
field from various sources by those who assailed his theory.
At first he declined any attempts at their solution. He claimed
that the whirlwind character of storms, and the laws which
he had assigned to them, are matters of fact; as established
not only by himself, but also by Reid, Milne, Dové, and Pid-
dington; that, never having attempted to establish @ theory of
winds, nor the origin or first causé of storms, he had no ocecas
sion to go into these ‘inquiries, but had long held the.proper
inquiry to be, What are siorms ? not Hoew are storms produced?
He, however, incidentally, at different times, indicated" his
opinions on the ultimate causes of storms. Klectricity, Red.
field entirely rejected as an agent in the produetion of windg
and storms, considering its presence and development rathes
as a consequence than as a cause of atmospheric chauges.
To heat he assigned only a limited and local effeet, denying
its agency in producing either the great and established move-
ments of the atmosphere, or the extraordinary commotions
which constituted the chief objects of his study, hurmicanes
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and tempests. But he considered what he called the “dy-
namics of the atmosphere ” as connected with, and resulting
from, the diurnal and annual motions of the earth. While,
from the first, I have heartily embraced Redfield’s doctrine,
that ocean gales are. progressive whirlwinds, and- have fur
ther fully believed that he had established their laws or modes
of action on an impregnable basis, a regard to trath and can-
dor obliges me to say, that I have never been a convert to his
views respecting the ultimate causes of storms, especially so
far as he assigned for these causes what he denominates the
“diarnal and orbitual motions of the earth,” but his notions
on this point have always appeared to me unsatisfactory.
Nor, while I have been impressed with the belief that keat is,
in general, by far the most influential of all natural agents in
destroying the equilibrinm of the atmosphere, and of causing
its motions, both in established currents as the trade winds
and the monsoons, and in its violent commotions as in hurri-
canes and tornadoes, yet ] am compelled to think that but
little progress has yet been made in determining its modus op-
erandi, or in tracing the comnection between changes of tem-
perature and the actual phenomena of winds and storms:—
why, for example, the Atlantic gales originate where they do,
in the tropical regions; why they first pursue a path to the
north-west as far as the latitude of 30°, and then gracefully
wheel in parabolic curves towards the north-east, and pursue
this course for the remainder of their way; why they revolve
on their axes, and always in one direction; whence they ac-
quire so tremendous a force, especially towards the central
parts; why the barometer is so low in the centre and so high
on the margin of the storm. These, and various other points
conpected with the whirlwind character of storms, seem to me
to have met hitherto with but a partial and doubtfal solution.
The laws constitute the true theory of storms; the rest is yet
bypothesis.
3
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Various writers have severally displayed great ingenuity
and profound knowledge of atmospheric phenomena in their
endeavors to solve these problems, but with respect to the
causes which lie back of the laws of storms, we still remain to
a great degree in ignorance. Each of the combatants appears
to me to be more successful in showing the insufficiency of

the other’s views, than in establishing his own. With respect

to him who is more particularly the subject of my remarks,
whose logical powers I have always admired, I have almost
regretted that he did not adhere to the ground he originally,
took, namely, that he had not undertaken to explain the reason
why the winds blow, but only to show how they blow. So
far was matter of fact; all beyond was hypothesis. His facts
are impregnable; his hypothesis doubtful. = The conclusions
derived legitimately from these facts constitute the laws of
storms ; and being, as we believe, like the other laws of nature,
immutable, the name indissolubly associated with their dis-
covery acquires a fame alike imperishable. Redfield might
therefore have safely stopped where Newton stopped. ¢« New-
ton (says one of his biographers) stopped short at the last
fact which he could discover in the solar system — that all
bodies were deflected to all other bodies, according to certain
regulations of distance and quantity of matter. When told
that he had done nothing in philgzophy; that he had discov-
ered no cause; and that, to merit any praise, he must show
how this deflection’ was prodaced; he said, he knew no more
than he had told them ; that he saw nothing causing this de-
flection, and was contented with having described it so exactly
that a good mathematician could now make tables of the
planetary motions as accurate as he pleased, and hoped in a
few years to have every purpose of navigation and philosoph-
ical curiosity completely answered.”

Various other contributions to science of our departed friend
must, for want of space, be passed by with hardly a notice.
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Such are his published meteorological essays,* his reports of
meteorological observations, which contain many original hints
of much value, his paper on the currents of the Atlantic, and
his researches in geology, which occupied much of his atten-
tion during the latter years of his life; all of which speak the
skilful observer, the judicious philosopher, the lover of science,
the lover of his country and of his kind. His meteorological
researches, although they engrossed a large share of the hours
he could redeern from the urgent claims of business, did not
prevent his taking a strong interest in other branches of sci-
ence. He attentively watched the progress of knowledge in
various departments, but geology had for him special attrac-
tions. His powers of observation were early employed, even
in his pedestrian tour to Ohio in 1810, in noting facts which
appeared to bim then to be unaccounted for, bus which the
progress of the science has since fully explained. In the
meetings of the American Association he was an attentive
- listener to the geological papers, and frequently took part in
the discussions which they called forth, exhibiting a thorough
acquaintance with the subjects under consideration. The
phenomena of the drift period, as evincive of glacial action
in various forms, had deeply interested him; and he had col-
lected and closely studied the shells of recent species, which,
in the vicinity of New York, are found beneath the deposits
of drift. His published geological papers, however, relate
chiefly to the sandstoues of Conmecticut and New Jerscy, par-
ticularly to theirfossils, their ripple-marks, and. their rain-drops.
His residence in early life. was within sight of the extensive
quarries of this kind of sapdstone, at Portland, Connecticut,
and his frequent visits afterwards to that region afforded him
opportunity for close abservation. In December, 1836, his son,
Mr. John H. Redfield, who inherits much of the scientific
taste of his father, described 1 some of the fossil fishes from

* Originally prepared for Blunt’s Coast Pilot.
t Annals Lyc. Nat. History, New York, vol. iv.
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this locality, and showed that their structural affinities indicat-
ed for the so-called “ New Red Sandstone” a higher position
than had previously been assigned to it. Mr. Redfield pur-
sued the track thus opened by his son, and published in the

American Journal of Science descriptiona of several new spe-
cies of Ichthyolites. The last paper which he read before the
American Association was upon the geological age of the
sandstones of Connecticut and New Jersey, and the cotempo-
raneous deposits in Virginia and North Carolina. He pro-
posed for them the denomination of the Newark group, and
showed that the Ichthyolites contained in them pointed uner-
ringly to the Jurassic period. In the course of these investiga-
tions he had given close study to the subject of fossil fishes,
and had formed a collection of them, probably unequalled in
this country, with special reference to a contemplated mono-
graph of the Ichthyolites of the Newark group.

In 1839, Yale College conferred on Mr. Redfield the honor-
ary degree of Master of Arts, and the enlarged sphere in which -
his labors for the promotion of science and the good of his
fellow men were known and appreciated, was evinced by his
election into many learned societies in his own and foreign
countries.

" Three distinguishing marks of the true philosopher met in
William C. Redfield, — originality to devise new things; pa-
tience to investigate; and'logical powers to draw the proper
conclusions. The impress of his originality he left, in early
life, upon the village where he resided; he afterwards im-
printed it still deeper on his professional business, as naval
engineer ; and most of all on his scientific labors, his observa-
tions, and his theories. ¢ Patient thought” was the motto of
Newton, and in this attribute Redfield was eminently distin-
guished. In collecting facts bearing upon his main purpose,
and in submitting them to severe and long-continued compar-
ison, he has illustrated this quality in its highest forms, as his
laborious investigations of the phenomena of hundreds of
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storms most fully evince. Originality to invent without pa-
tience to investigate, leads to hasty and wild speculations;
but united, they lay the degp foundations for a severe logic.
His powers of reasoning have always appeared to me to be
of high order, and he has been fitly characterized by another
eminent writer® on the laws of storms as the elear-headed ”
Redfield.  Opinions which he had thus formed, after an exten-
sive and patient investigation of the facts and a severe pro-
cess of reasoning, he held with great tenaecity. But though
firm, he was not obstinate. Obstinacy we define to be an un-
yielding adherence to our opinions because we have adopted
them ; firmness, a similar adherence to our opinions because
we believe them to be right. )

Few men have -given more signal proofs of an original, in-
herent love 'of knowledge. Whether we contemplate the
apprentice boy after the toils of the day, seeking for knowl.
edge bythe dim light 6f an open fire; or the father of a young
family, through dark scenes of domestic afftiction and mourn-
ful bereavements, still adding largely, year by 'year, Yo his in-
tellectual stores ; or the man of business in the whirl of the
great metropolis; loaded with onerous and responsible cares,
giving every interval of leisure, and the seasons chiefly em-
ployed ifi pleasure or repose, to the study of the laws of nature ;
or if permitted, as has been my privilege, to be a guest at the
house fitted up to be the retreat of his old age, we see the
library, the collections of natural history, the many sources of
high mental enjoyment, which, in the period gained at last of
ease and affluence, distinguish the different apartments of his
dwelling ; or, finally, whether we call to mind the ever increas-
ing interest with which he attended the meetings of the Amer-
ican Association for the Advancement of Science, and the
delight which he experienced in the society of learned men,
we observe in all, a mind in love with truth, ever searching

I

# Reid.
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and ever expanding. In society he was courteous, sincere,
upright, and benevolent; in his family tender, affectionate,
wise in counsel, and pure in example ; in all his walk and con-
versation, and especially in the church of God, a devout and
humble Christian. '

As the evening of life was passing thus serenely, it hastened
to a peaceful close. Mr. Redfield’s health had been generally
.good during his later years, and had seemed particularly so in
the early part of the winter which proved his. last. On the
first of January, he made his usual calls on his friends, and the
cheerfulness and vivacity of his manners and healthful expres-
sion were never more remarkable. Near the last of January
he was seized with alarming symptoms, which indicated effu-
sion in the chest. His disease made rapid and sure progress.
The last book which had engaged his attention, previous to
his illness, was Dr. Kane’s recent Narrative of his Arctic Expe-
dition; and his own feverish dreams, during the earlier nights
of his sickness, were confusedly identified with the toils, the
difficultie§, and the sufferings of that heroic commander and
his brave companions. With a general tendency to delirium
were mingled intervals of calmness, and throughout his illness
his countenance would light up with the smile of affection, as
he recognized the relations and friends around him. From the
first he entertained but slight hopes of recovery; but as the
crisis drew near, his mind 'was at peace, and in calm resigna-
tion to the will of his Maker, and in the full exercise of Chris-
tian faith he gently breathed his last.

Happy if we who have so long journeyed with him in the
delightful walks of science may enjoy an evening as.serene,
and find its close as peaceful.
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I. MATHEMATICS AND ASTRONOMY.

1. O THE IpEa OF PHYSICAL AND METAPHYSICAL INFINITY.
By Lievr. E. B. Hunt, Corps of Engineers, U. S. A.

FEw subjects of reflection have engaged the meditative energies of
go large a portion of the leading intellects of all ages as that great
idea which, under a vast diversity of forms and manifestations, is ex-
pressed by the word infinity. So true is this, that the charge of rash
confidence might wéll be preferred against whoever should now profess
to contribute any great additional light, where so much-thinking has
already been expended. In spite of this presumption, I shall venture
some suggestions towards a precise definition of the idea of infinity,
which have served to make clearer, to my own mind, what before was
vague and indefinite.

It has seemed to me a correct criticism on the usual modes of con-
sidering the subject of infinity, that they regard it too exclusively un-
der its metaphysical or speculative aspects, and too little in its physical
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or actualized forms. By at once pushing the idea of infinity into its

abstract phases, we banish it from our positive cognizance, and relin-

quish the aids which nature affords in interpreting it to our finite com-

prehension. That such a hasty transfer from the concrete to the ab-

_ stract form of contemplation involves a fault, may be appreciated at
once by a simple consideration, in which all healthful minds will doubt-
less agrce. The idea of infinity must dwell in the Divine creative
mind in its greatest supposable perfection; consequently, its natural
embodiments must possess a wholeness and intellectual truth, far ex-
ceeding what could originate from the abstract speculations of human
mind. Therefore, whatever hints towards a due appreciation of infin-
ity can be gleaned from the contemplation of actual created nature,
will rest on a more solid basis than any unguided speculations can
claim.

Whatever is intrinsically measurable may, by continuous quantita-
tive expansion or diminution, grow to such an incomprehensible mag-

- pitude, that infinity becomes predicable of its value. Thus time, dis-
tance, space, number, force, or any quality of matter or mind, as hard-
ness, temperature, light-producing power, sensational perceptive ca-
pacity, intellectual comprehension, force of will, benevolence, venera-
tion, or, indeed, any species of actuality which can be regarded quan-
titatively, may be supposed so great or so small that the human mind
will call it infinitely great or infinitely small. No such predicate would
ever be used in speaking of what was not intrinsically measurable.
Intrinsic mensurability is, therefore, a fundamental preliminary to any
concrete infinity. In other words, whatever is infinite must have a
unit of measure, and its infinitude copsists in the relation between its
aggregate quantity and its unit of quantity. Physical infinities thus
fundamentally involve homogeneous physical units of measure as stand-
ards of reference. Therefore, the apprebeusion of infinity involves
an apprehension of unity as its initial point, and this is equally true,
whether the magnitude, called infinitely great or small, is physical and
actual, or metaphysical, and only abstractly conceived. Hence our
first necessary step is to analyze the idea of a unit of measure.

When we speak of a foot, a cubic yard, a pound, an hour, a ther-
mometer-degree, etc., the ideas expressed are among the clearest which
the human mind can entertain. Our mental and moral qualities, though
intrinsically capable of equally exact units of measure, being actually
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without well-defined units, their quantitative comparisons become vague,
and wanting in precision. Yet we are quite as prone to spéak of Infi-
nite intelligence or Infinite love, as of infinite distance or infinite time.
This mode of speech résts on precisely as real a unit of measure as in
the strictly physical cases, thongh it is less accurately defined to our
own minds.

If then we take a single instance of a unit of measure for close anal-
ysis, the general results of such a discussion will reach to all the anal-
ogous cases. ’

Taking the unit of linear measure as this instance, we find that the
original standards among all nations, whence other units of length are
derived, have a pretty close general agreement. The foot, the yard,
the metre, the toise, etc., are all evident derivatives from the human
body, and stand in close relations to certain convenient modes of meas-
urement, by reference to the geometry of the body. Our’optical per-
ception of perspective distances involves an habitual process, — first, of
reference of all dimensions seen, to those distances near at hand, which
are readily comprehended, and, in turn, of the reference of these
to the actual linear distance between the optical centres of the two eyes.
This interocular distance, or stereoscopic base line, bears the same re-
lation to exterior visible distances, that the base line, in a geodetic tri-
angulation, does to the entire network of triangles. Thus, when we
gauge the perspective of a landscape, there is a direct visual percep-
tion or sensational measurement of external distances ; — still, we are
eo habituated to this stereoscopic function of the interocular base line,
that we do not make it an object of conscious contemplation in our
reference of external distances to this base as a unit of measure.
Such a reference, however, really enters as a vital part of every per-
spective perception. Hence we are constantly applying, unawares, a
standard measure ‘essentially unchanged for each individual during his
whole life, to all external objects of our earthly surroundings. In like
manner, the length of our habitual step enters largely as a basis in
our estimation of distances, because we are constantly measuring dis-
tances seen by our habitual mechanism of locomotion. Thus, all cur
means of knowing external distances are found at last to rest solely on
the actual dimensions of the human body, to which, as a standard, they
are at last referred.

Taking into account all the elements of our perception of linear mag-

4
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nitudes, it will be found, without doubt, that the average linear unit is
very nearly that length which is most readily cognizable by & man of
average person and capacities. High multiples and low submaultiples
of the standard of length are difficult of appreciation; thus —a mile
and a line are much less clearly apprehended units than a foot. If a
thousand miles or a thousandth of a line be submitted to our conscious-
ness, our notion becomes extremely inadequate, and if it be a million
or a millionth, we fail almost entirely to conceive the fact. When it is
a question of billions or trillions of miles, our apprehension is so to-
tally at fault, that we give over all attempts to comprehend the rela-
tion, and so the distance becomes infinite for us, when referred to the
mile as a unit. Thus our real idea is, when we speak of an infinite
or infinitesimal distance, that when it is compared with our familiar
standard of length, our perceptive powers utterly fail to appreciate
the relation with any approach to accuracy.

If in place of the unity and infinity of distance we consider those
of time, space, or force, we shall find a like genesis of practical stand-
ard units for each, based on the actual dimensions or sensational capac-
ities of the human organism. Along the graduated line of connection
between those values which by their minuteness utterly elude our per-
ception, and those vast values which in their entirety wholly tran-
scend our comprehension, there is, in each case, a particular value, which
is apprehended with the maximum precision and facility by each indi-
vidual mind. The natural unit of measure for each subject of meas-
ure is that particular value which is best apprehended by an average
man. The same rule holds in the more transcendental subjects of
measure ; thus — a man of average intellectual power and capacity be-
comes a natural unit of mentality, and a man of average morality
becomes a unit of morality. If a particular moral quality as benev-
olence, for instance, be quantitatively considered, we refer all to the
man of average benevolence. 'When we speak of Divine benevolence
as infinite, we mean that it is so exhaustless and all prevailing, that
when we compare it with the benevolence of an average man, our lim-
ited human powers utterly fail to take in its relative immensity. From
these considerations, we may conclude that whenever we predicate in-
finity of any particular existence, attribute, or quality of the external
or internal world, man’s capacity to appreciate the various values of
the subject-matter considered enters directly as the standard of com-
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parison. Thus, to say that space is infinite, is simply to say that the
extreme exercise of human power to conceive space, as an existence,
is transcended by the actuality of nature. If we speak of infinite time,
we but declare that the brief periods of duration, of which man in his
earthly life is conscious, are relatively so small that we can by no
means conceive the number expressing the true ratio of man’s hour or
lifetime to the infinite duration referred to. Whatever physical infin-
ity engages our cousideration, an analogous limitation of the special
powers of the human organism is defined. We might almost say that,
for us, the grand sphere of physical infinity is the circumseribing
sphere drawn around the aggregate perceptive faculties of man. It is
not, at all, the absolute cosmos or circumscribing sphere which contains
all the actualities of nature. We may well believe that this true cos-
mic sphere, in which all created existence is contained, is itself an in-
finity, as compared with that specific infinity which is, as it were, the
defining or tangent surface around the faculties of man.

It is entirely supposable that among the actual organic existences of
nature there may be numerous successive grades of perceptive capac-
ity, which stand in the relation of coterminous or successive infinities
as judged by each other. A monad may have a direct perception of
man’s infinitely small, and our sensible distance must be to it an infi-
nitely great, magnitude. There may be intelligences such that the
radius of an ultimate atom of matter would be to them what the radius
of the earth is to us, as there may be intelligences to which the earth
is but an atom, and to which our entire sphere of visible stars makes
but a sensible mass of matter. Throughout the entire range of or-
ganic existence there will be, in fact, for each species a specific infinity,
and we cannot say but in the treasure-house of the actual universe
there may be an infinite series of organic perceptive powers, which
bear to each other the relation of the successive orders of differences
in differential caleulus. Whatever may be the fact as to actual nature,
such an infinite series of successive infinities is metaphysically conceiv-
able. The clear apprehension of the idea of infinity which may be
gleaned from physical grounds gives a basis for indefinite metaphysi-
cal fabrications, without in the least departing from the true, inductive
idea of infinity. But science has not to deal with the supposable,
except as it is involved in the actual, and it belongs not to this place
or to true philosophy to go beyond the foundations of fact.
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The views now presented have a bearing on the mathematical idea
of infinity, which is not without importance. The mathematical sym-
bol of infinity stands for an entirely abstract idea. From it all the
definite standards of unity which have been discussed are entirely
climinated. All specific intelligences are in it ignored, and even the
Divine Intelligence may be supposed in some way concrete in condi-
tions too specific to be truly stated in respect to limits by the bald
abstract infinity of pure analysis. The very possibility of positive
definition, as applied to any being, however exalted, excludes the ab-
stract symbol of infinity from entering a correct exegesis of its natare.
For what, then, does the abstract symbol of infinity stand? It at least
stands as a formula for all specific infinities, which, by the interpola-
tion of the proper constants, expresses the quantitative relations in
any actual case of infinity. The abstract symbol is a grouping of spe-
cific cases ; whether it is more than this may not be for man to say.

One inference from these views of infinity is, that the ordinary defi-
nition of an asymptotic curve needs correction. The mathematical
formula of incessant and incessantly Jiminishing approach between a
straight line and & curve, or between two curved lines, or the same
relative to plane and curved surfaces, is not consistent with the other
idea of tangency at an infinite distance. Suppose an intellect of the
proper or differential grade to be duly cognizant of asymptotic lines at
an infinite distance, it would find no actual contact, but the same law
of approach expressed in the analytical formula would still go on,
until an intellect of the second differential order would have to be
called in as the cognizant power; this, in turn, must give place toa
third differential intellect, and so on to infinity. The order of percep-
tion required to appreciate the second, third, etc., differentials of the
function, would be progressively higher than that demanded for the
differential of the variable, which is supposed to be always constant.
Here there is no true tangency, but a perpetually decreasing approxi-
mation. Hence the definition of asymptotes should give the idea of a
perpetually diminishing and never ending approximation, instead of
involving the false notion of tangency anywhere. The geometrical
method of exhaustions escapes any such criticism, and in the clearest
manner embodies the true conception of infinity.

As might be expected, the infinitesimal calculus expresses the notion
of infinity in its most precise and purified form. The fundamental
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idea on which its processes and algorithm rest is one of relation be-
tween quantities cognizable by two orders of perceptive intelligence,
so remote that the finite quantity of the one is the infinitely great or
small of the other. By the hypothecation of three, four, or more co-
terminous orders of perceptive faculty, the second, third, etc. orders
of differences are philosopbically originated. The relations of differ-
ential calculus, if inversely stated, become those of integral calculus,
and fall under the same generalizations relative to orders of perceptive
capacity. I will venture the suggestion, that the reason why some
eminent mathematicians have contended that a differential is absolutely
zero, is simply because of their not having regarded, as they clearly
are bound to do, the element of limited perceptive faculties which in-
finity involves, and the consequently supposable series of cognitions
precisely conforming with first, second, third, etc. differentials. It is
the same fault of conception which invalidates the definition of asymp-
totes based on tangency at an infinite distance.

In conclusion, we may lay down the general proposition, that the
idea of infinity involves in all cases, as an essential factor in its com-
position, a specific, actual, or hypothetical limitation of perceptive
power in the intelligence, of whose cognition infinity is predicated. In
the physical infinities which chiefly interest us, the limitations involved
are, for us, altogether those which encompass the mind of man. We
can, by hypothesis, suppose other limits conformed to other grades of
organism, and we can even supposc such an exalted and spiritual.
organism as that the absolute and entire cosmos shall be the true limit
of its perceptive powers. Before the Divine mind, this cosmos must
stand in that clear, finite relation necessarily supposed between a crea-
tor and the thing created. Beyond the actual cosmos, there may be
an immensity of possibility, where the Divine mind may realize analo-
gous limitations to those which hedge in all created minds. In the
mathematical or purely abstract idea of infinity there seems a sugges-
tion of such a possibility ; and when we consider that a mathematical for-
mula is the nearest possible approach to a literally Divine thought, we
shall bow with reverence before the suggestion shadowed forth by the
sublime symbol of infinity, after all created limitations are eliminated
from its significance. This symbol affords no basis for the commonly re-
ceived idea that infinity means an absolute unboundedness, a quantity

4
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absolutely without end, a quality or nature absolutely transcending all
boundaries. Such an idea bas no right in the mind of man, for the
limitations of human perception forbid our attainment of any knowl-
edge, either of the extent of the absolute cosmos, or of the boundaries
around what is abstractly possible. The formula of infinity, so far
from stating an absolute boundlessness, endlessness, or illimitable mag-
nitude, states simply the limitations of finite perceptive power. For
us it is the expression, not of the immeasurableness of nature or of
the Deity, but of the finite limitations of the human mind. It stands
for a negative, and not for a positive ; it symbolizes, not knowledge, but
ignorance. If we group infinite attributes under a Divioe name, we
have not defined Deity, but we have defined the limits of our own per-
ceptions. The limits of our knowledge lie near at hand; the limits of ©
our ignorance are known only to the All-knowing.

2. SysTEMS OF COURDINATES IN ONE PLaANE. By THoMmas HiL,
‘Waltham, Mass.

Ir Mm be an infinitesimal portion of a curve, the position of A/ may
be defined by means of
x, , the rectangular coordinates,
or 7, ¢, the polar codrdinates.
The character of the element, Mm, may be defined by means of
&, the angle which r makes with the curve.
7, the angle which the curve makes with the axis of x.
© the radius of curvature.
ds, the element Mm of length in the curve.

The nature of the curve, of which Mm is an elcment, may be de-
fined by an algebraic equation between any two of the quantities, x, g,
rq, & T 08 If either of the quantities, x, y, and r, is used, the
position, as well as the form, of the curve is usually fixed. If @ ore
enters the equation, the position may be fixed. An equation embracing
only two of the quantities, 7, r, g, 5 although defining the form and
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sometimes the size of the curve, and even its position with reference
to a fixed direction, cannot define its position with reference to any
fixed point.

From these quantities twenty-two different couples may be selected,
and either member of each couple may be taken as the independent
variable, and the other considered as a function thereof. Thus we
have, in one sense, forty-three general systems of cosrdinates, by which
we may represent a curve without the use of any thing more than or-
dinary algebra. Abount one fourth of these systems appear, to me, to
be worthy of investigation. Rectangular codrdinates in which y is a
function of z, and polar, in which r is considered a function of ¢, are
too well known to need any particular remarks. The first has the ad-
vantage over all others, in its generality and flexibility. The second
is peculiarly adapted to curves of circular symmetry. Both systems
bave also this advantage, that an equation in them is readily con-
structed upon paper; an advantage which would, however, be retained
in some other systems; for instance, in one representing x as a func-
tion of . But all those systems which refer to a fixed origin, have
also the disadvantage of not showing readily the evolutes of the curve,
and also of being confined in their range to the first order of infinity.

Algebraical language, even under the forms of Hamilton’s Quater-
nions, i3 an imperfect means of presenting geometrical truths, and al-
though an equation between any two of these quantities will give a
law of the curve, yet no two equations will give precisely the same
view, even if they give the same law. Both the denotation and the
connotation of the language vary in every transformation of the equa-
tion. I have illustrated this truth by throwing the equilateral hyper-
bola into seventeen systems of codrdinates, and comparing the geomet-
rical interpretation of the equations; and by throwing the parabola,
the cycloids, and other curves, into six or seven systems. The varia-
tion of geometrical meaning is very striking.

The cycloid, for example, is, by most systems, represented as gener-
ated by a rolling circle, and consisting of an indefinite number of arches.
But represented by an equation between ¢ and s, (¢ = (42— s?)}),
the cycloid becomes finite in length. If p is represented as a function
of s, the cycloid is a single arch; if s is considered as a function of g,
the cycloid is two half arches including a cusp. All the rest becomes
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imaginary, thus strikingly demonstrating that the imaginary may be
real, since the real may become imaginary.

On the other hand the parabola is usually considered as a conic sec-
tion, consisting necessarily of a single arch. But an equation of the
parabola from which z, g, and r are eliminated,

2
(cote:cothp, 1=1%g¢, (’2555_1-
will sometimes give us a series of arches like the cycloid, — the arches
being infinitely deep and infinitely wide.

If we define an equilateral hyperbola as a curve, the rectangle of
whose ordinate and abscissa is constant, we evidently make it consist
of four branches represented in rectangular coirdinates only by means
of the two equations,

xy = 4% .

Using the positive root of the second member would give only the
right upper and left lower branch. Nine of the seventecn systems
unite in preferring these two branches, but differ in the points corre-
sponding to zero of the variable; that is, some begin the branches at
one end, and others at the other. Seven systems give us the whole of
the four branches, some beginning the branches at one end, some at
the other, one at both ends at once, and one at the middle of each
branch, running out both ways at once. Two of these systems (sin ¢
=—sin 2 ¢), (tan g —tan ) give us the curve of four branches, but
without defining its size. These equations are equations of pure form,
independent of magnitude. Some of these sixteen equations, while
defining the form and size, and even the distance from a fixed origin,
do not define the direction. They are equations of a circle with a
hyperbola, or an indefinite number of equal hyperbolas tangent
upon it.

The seventeenth equation, by which I have represented the equilat-
eral hyperbola, does, in fact, represent the whole plane; it is,

s
e = m .
But by fixing the arbitrary constants, and drawing some of the curves,
it will be found to embrace not only the hyperbola, but other forms.
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In like manner g = Ar will give not only logarithmic spirals, but two
other forms of new curves.

These results are obtained by the ordinary processes of analytical
geometry, including the calculus, without’ any attempt at the interpre-
tation of imaginary quantities, or any extension of notation in the
manner of the Quaternions. They are sufficient to show how much
lies concealed in even the ordinary walks of the geometer, and how
much may be discovered in geometrical truth by the mere metamor-
phosis of algebraic notation.

Some of these systems of codrdinates appear to me to deserve a
more thorough investigation than they have as yet received. They
appear to be as natural and as comprehensive as either of the three
systems now in use. If, for example, the direction of a curve is repre-
sented as a function of its length (r=/()), or its radius of curvature
as a function of its'length (Q =f(s) ), you have a very natural and use-
fol mode of defining the curve. Good results are also to be obtained
by making @ a function of &. Since arriving at this meeting I have
learned that Whewell's “ intrinsic equations” of & curve, which I had
supposed identical with “ Peirce’s circular cobrdinates,” are formed
between z and s.

3. Ox THE WARPED SURFACES OF GROUND OCCURRING IN Roap
Excavations aNp EuMBANKMENTS. By Prof. W. M. GILLES-
PIE, of Union College, Schenectady, N. Y.

WHEN an engineer is. laying out a road or railway, and has to de-
termine the amount of earth necessary to be moved in making the
“cuts” and “fills,” he takes “ Cross-sections,” or “ Profiles,” of the
ground at right angles to the line of road at convenient intervals, and
then calculates by various methods, usually near approximations, the
volume ineluded between each pair of these cross-sections. The dis-
tances apart at which these cross-sections are taken are determined by
the engineer according to the nature of the ground, his aim being that
there shall not merely be no abrupt change of height between each
pair of these cross-sections, bat that the sarface from one to the other
shall vary uniformly ; gradually passing, for example, from a small to
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a great degree of slope, or from a slope to the right into a slope to the
left, without any sudden variation at any one place.

The surface fulfilling this condition of * varying uniformly,” since it
is everywhere straight in some direction, is evidently a ruled surface ;
and since the extreme profiles are seldom parallel, it will generally be
a warped or twisted surface.

Our engineers have been accustomed to consider these surfaces as
not admitting of precise calculation, but only of a degree of approxi-
mation varying with the nearness of the cross-sections.* The object
of this paper is to examine the correctness of this position. It will
therefore have two parts: firstly, a discussion of the precise nature
of the surface; and secondly, an investigation of a formula applying
to it.

L. What sort of a warped surface is the one in. question ? that is,
what is its mode of generation ?

To determine this, we must inquire what the engineer means when
he says that the ground “ varies uniformly ” from the place at which he
stands, and at which he has just taken a cross-section, to the place at
which he decides it will be proper to take the next cross-section ; whe-
ther he means that the ground between the two is straight lengthwise
or straight crosswise — straight in the direction in which the road runs,
or straight at right angles to that direction.

Probably few enginecrs ask themselves this question in so many
words ; but it would seem that the latter conception, or straightness
crosswise, is the more likely to be what is meant, for the reason that
any deviation from straightness in that direction, at right angles to the
line along which we look, is much more easily seen than in the other
dircction. We can therefore much more readily determine whether
the surface of the road is straight or curved from side to side than
from end to end, and the surface which we pronounce uniform is there-
fore much more likely to be straight crosswisc than lengthwise.

In geometrical language, the former surface (shown in plan in fig.
1) is generated by a straight line resting on the two straight lines
which join the extremecties of the two profiles, and moving parallel to

* Thus the preface of a recent “ Table, etc.,” says : “ No practicable method of
calculation will give a trae result, if the surface of the ground is much warped.”
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their planes, or perpendicular to the axis of the road. This surface

is a “ HYPERBOLIC PARABO-

LoID.”

The latter surface (fig. 2)
is generated by a straight line \ _
resting on the two profiles, and
moving parallel to the vertical
plane which passes through the
axis of the road. It alsoisa
hyperbolic paraboloid, though
a different one from the for-

mer.

The French engineers adopt
We have seen, however, that the former is the

the latter hypothesis.
more probable one.

Fig. 2.
b’

Fig. 1.
bl
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—
\
\
\
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But fortunately the dif-
ference is really very slight;
for a very small change in
the latter hypothesis will
make its result identical
with that of the former.
Conceive the straight line
which rests on the two pro-
files to move on them in
such a way as always to
divide them proportionally,

asin fig. 8. The surface thus generated is identical with that of fig.

1, as is proven in the trea-
tises on Descriptive Geome-
try.*

This last conception is also
more probably correct than
that of fig. 2, even if we
suppose the engineer to con-
sider longitudinal straight-
ness; since he is more likely
to extend his imagination

Fig. s.

\l

I

* Olivier, p. 263, etc. ; Leroy, p. 249.
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Arranging this expression according to the ascending powers of 2,
it becomes
) b (p’ — — . v —b
*[b(]’+9)+ (r—p+¢ 9)1"‘( )(P"“Q)z

b —B) (o — .
+( ) (p I‘P"'? 9) x’]'

The product of this by dx being the differential of the solid, its vol-
ume will be

fi% [b(p_l_q)dx_l_b(l"—}"’“f—'ﬂl'i'(b""b)(P"i"I)xdx

+ (b’ —b) (P’;‘P'F'I'-‘q) z’dz] [2]

Integrating, we obtain the expression
tfe+oi+ib 0 —p+e—9 IHEC—0 +o1
=) —p+7—01]

Performing the operations indicated and factoring, we finally obtain,
as the volume of the solid, the symmetrical expression

d[e+in e+ + @+ E+0)T @

* Two particular cases of this general formula are worthy of special notice.
Let the base of the given solid be a parallelogram.
Then b = ¥, and formula [3] becomes

&l[ib(p+q)+§b(p’+q’)=bl Xte+g+pr+9)

That is, the volume of a right prism, haviug its base a parallelogram, and its ypper
surface warped, equals the product of its base by one fourth of the sum of its cdges
or heights.

Next, let the base be a triangle.

Then &' = o, and p’=¢’, and formula [3] becomes

pi e+ +op]=4b1x3 (p+q+p)]

That is, the volume of a triangular prism, with its upper surface warped, equals the
product of its base by one third of the sum of its edges or heights.

The above two rules have been already obtained by the French geometers, by the
aid of other considerations derived from the Higher Descriptive Geometry.

Of course they are also true when the upper snrface of the prism is a plane, since
a plane is only a particular case of a hyperbolic paraboloid. They thus give a gen-
eral proof of the well-known rules for the content of truncated prisms having tri-
angles or parallelograms for bases.
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'We now propose to show that the volume given by the preceding
formula [8] is the same as would be obtained by applying the familiar
prismoidal formula to the given solid.

The area of the section A =14 & (p 4 ¢)-
The area of the section B =14 ¥ (p’ 4+ ¢')-
The area of the section midway between A and B equals

Hie+n x 1+ +ia+9]}

Adding together the areas of A and B, and four times the middle area,
and multiplying the sum by 3/, we obtain

HOp+bg+¥p+V g +07 H3d +1Vp+1V ),
which can be decomposed into the following:

sfe+ineto+E+Hin@+0) 9]

an expression identical with the general formula {3].

We thus arrive at the conclusion that the familiar % prismoidal for-
mula > can be applied with perfect aceuracy to such solids as we have
discussed, having one of their faces a warped surface, generated as tn
our first (or third) hypothesis.

‘We have thus far supposed that the road-bed was level, or, in more
general terms, that the face of the solid was perpendicular to its ends.
It may, however, make oblique angles with them. But the prismoidal
rule will still apply to the new solid thus produced, since it applies to
the wedge-shaped piece, by the removal of which the original solid can
be converted into the new one, and therefore applies to the new one,
which is the difference of the two; seeing that sall the areas involved
enter into the formula only by addition or subtraction, and have a com-

"mon multiplier.

‘We have also supposed the sides of the solid to be vertieal ; but in
road excavations, ete., they usually slope, as shown by the dotted lines
in figs. 4 and 5. But the prismoidal rule still applies, for the same
reasons as in the preceding paragraphs, since it applies to the pyrami-
dal frusta whose removal changes the original solid into the one now
proposed.

This rule also applies to the “tAreelevel ground,” familiar to engi-
neers, in which the centre level and the outside levels of a cross-sec-
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tion are given. A vertical plane passed through the axis of the road di-
vides it into two solids, such as we have been considering. It can,
therefore, be correctly calculated as one prismoid.

The rule may also be applied to  srregular cross-sections,” or those
in which the surface of the ground is so irregular that a number of
levels have to be taken at various. points of each profile. To do this,
we must conceive vertical planes to pass through all the points of each
profile at which the transverse slope of the ground changes. They will
thus divide the solid into a number of solids with warped surfaces, such
as we have been considering. The principle of our third hypothesis
will then enable us to determine by a simple proportion the height at
which the vertical plane passing through any angular summit of one
profile cuts the top line of the other. This will furnish the data for
applying the preceding rule.

If the views here presented should meet with general acceptance,
engineers would be enabled to economize much time and labor, since
they would no longer feel compelled, as now, to take their cross-sections
80 near together that the ground between them should be approxi-
mately plane, but could take them as far apart as'the ground varied
uniformly, no matter how much, or for what distance, that might be.

The adoption of these principles would also seriously modify the
methods now employed in the calculation of earthwork, and the re-
sults obtained by them, particularly the use of “equivalent mean
beights.” The numerical details of these professional matters would
however, be out of place here, '

.

4. Ox tHE Low or HumMAN DMORTALITY THAT APPEARS TO OB-
TAIN IN MASSACHUSETTS, WITH TABLES OF PRACTICAL VALUE
DEDUCED THEREFROM. By E. B. ErvrrorT, of Boston.

TaE accompanying tables comprise part of an original series, that
has been prepared for the New England Mutual Life Insurance Com-
pany of Boaton, from -extensive and reliable European and American
data. They have been calculated from official abstracts of observations
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made for the year 1855, respecting the status and the movements of
the population in the 166 of the 331 towns of the Commonwealth of
Massachusetts, in each of which, the ratio of the number of registered
deaths, to the number of the population, was greater than one to sixty-
three.

With the numbers returned for the 166 towns, have been inclnded
two thirds of the numbers of the population, births, and deaths of the
three State almshouses; the population of the 166 towns being two
thirds (.663) of the population of the entire State.

The aggregate population of these communities, as returned for the
first day of June, 1855, was 751,241, and the registered deaths in
these towns during the year was 16,086. The well-known Carlisle
table of mortality was deduced from only 1,840 deaths, registered
during the nine years 1779-87, the mean population of the period
being 8,177.

The rate of mortality, or the ratio of deaths to the population, ac-
cording to the returns, was probably somewhat lower, in these commu-
nities, than the rate that actually prevailed in them, in consequence of
probable omissions'in the registration of deaths in some of the districts.

But these communities embrace a larger proportion of the more pop-
ulous districts of the State, and of those in which we should expect
the prevailing rate of mortality to be higher than the rate for the
entire State; and we are probably safe in concluding that the law
of mortality obtaining in these districts, according to the returns, does
not greatly vary from the law of mortality actually prevallmg over
the entire population of the Commonwealth.

It is not possible, supplied with only our present information, to in-
dicate the precise line of separation between the reliable and the ques-
tionable data; but it is thought tbat such a division has been made
that the data retained are affected by only inconsiderable errors, and
the errors of excess and of defect nearly compensate for each other.

The tables deduced from the resulting law of mortality are intended
to fucilitate the solution of certain problems in political arithmetic, and
to furnish replies to questions involving the probable duration of hu-
man life.

Tables are also given, comparing the' rates of mortality obtaining in
Massachusetts at divers intervals of age, with corresponding rates ob-
taining in certain European communities.
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The ¢ Fourteenth Annual Report relating to the Registry and Re-
turns of Births, Marriages, and Deaths, in Massachusetts, for the Year
1855, and the * Abstract of the Census of the Commonwealth of
Massacliusetts, taken with reference to facts existing on the first day
of June, 1855,” prepared under the direction of the Hon. Francis
DeWitt, Seeretary of the Commonwealth, and under the super-
vision of Dr. Nathaniel B. Shurtleff, of Boston, appear to have been
the first and the only official reports, whether State or national, in
which either the ages of the persons living, or the ages of those dying,
in the State, have been dstinguished by towns ; consequently, they are
the first that furnish dats, from comparison of which it has been possi-
ble to construct a Life Table that can satisfactotily express the law of
mortality prevailing over any considerable portion of the people of the
Commonwealth.* ¥ In previous reports the ages have been distin-
guished only by counties.

Since the Registration Act of 1849, the registrars, in many of the
towns of the Commonwealth, dppear to have annually farnished the
office of ‘Secretary of State with véry valuable and accurate statistics
respecting the births, mariiages, and deaths occurring in their respec-
tive districts.

In other towns the results indicate that this information has been
but imperfectly recorded, while in a few cases the officers have uni-
formly neglected either to register or report. ’

In registration reports, previous to that for the year 1855, the full

* A Life Table, prepared by the eminent Dr. Edward Wigglesworth from sixty-
two Bills of Mortality recorded previons to the year 1789 in the States of Massa-
chusetts and of New Hampshire, was published in the second volume of the Me-
moirs of the American Ac¢ademy of Arts and Sciences. ‘ Unfortunately, in con-
structing tho table, allowance was not made for the fact that the population had
been rapidly increasing, and the table was framed on the assumption that it had
been stationary. This table has been employed by the courts of the Common-
wealth in determining the values of “life interests in estates, legacics, and pen-
gions,” and the valaes of “ reversions in heritable property.”

t.A valmble Life Table, constructed from observations respecting the mortality
of the Alumni of Harvard University, and, consequently, expressing the law of
mortality which prevails, in America, over the more highly educated classes, was
laid before the American Association at its late meeting in Montreal, by Prof. Ben-
jamin Peirce, of Cambridge.

5%
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and reliable information respecting the ages of the dying furnished by
the able and competent registrars, in certain towns, has been vitiated
by union with the questionable or obviously defective data obtained
from other towns in the same county.

In the Registration Report for 1855, the table whlch dnstmguxsbes
by age, sex, and locality the deaths registered during the year (Table
VL), was prepared with special reference to its employment in the
construction of Life Tables, and is believed to be a fhithful abstract
from the returns.

The enumeration of the numbers and ages of the population of
Massachusetts, according to the State Census of 1855, and the previ-
ous enumerations ordered by the General Government, may safely be
regarded as reliable.

It is to be regretted that the abstracts of the Censua fovr 1855 in
giving the ages of the population, did not distinguish the sexes.

This deficiency may, in a measure, be supplied by assuming that the
proportional distribution of the sexes at the different ages in 1855, was
the same as that obtaining in Massachusetts in 1850, according to the
National Census of that year.

Of the 824 statistical districts into which England and Wales are
subdivided, in only #wo was there indicated, according to very accurate
observations for the seven years, 1838-44, an annual rate of mortality
less than one deash to sixty-three persons living. Of the 331 towns
in Massachusetts (nearly the same in number with the English districts
just mentioned), there were, in 1855, 165 towns, in each of which the
rate of mortality, indicated by the returns, was less than one to sixty-
three. The returns from the three State almshouses are not included
with the returns of the towns in which they happen to .be located,
namely, Monson, Tewksbury, and Bridgewater. The average popula-
tion of the 331 towns of Massachusetts is much less than that of the
824 English districts ; the population of Massachusetts, in 1835, being
one million (1,132,369), and that of England and Wales, in 1841, six-
teen millions (15,927,867). The above assumed test, in selecting re-
turns showing a mortality over one to sixty-three, is accordingly con-
firmed by the English returns, which are made, as is well ksown, with
great accaracy.

The mortality of the 324 English districts varied from 1 in 70 to 1
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in 30; in the 331 towns of Massachusetts, according to the returns,
from zero to 1 in 30. The mortality of Massachusetts, according to
the entire returns, 1.84 per cent., or 1 in 54; in the 166 towns it was
2.14 per cent., or 1 in 47.

AVERAGE ANNUAL RarES OF MORTALITY OBTAINING IN THE WHOLE, OR.IN
PARTS oF SEVEN CoOUNTRIES OF ECROPE, ARRANGED IN THE INVERSE
OrDER OF THEIR RESPECTIVE INTENSITIES,

To 100 One
- Pl‘el:onl Death
Y in which the 0g;
D“: th ", :'c curred Countries, !
ToPers’
Deaths. | Living.
7 yeln 183844 Eaglnnd and Wnlu * . . . 2.19 46.
20 182140 | Swedent . . . . 2.34 43.
4 “ 183942 Franced . . . . . . 2.36 42.
9 ¢ 1843-50 Belgiam § . B . . . 242 412
3 “ 183941 Prussiag . . . . . . 2.70 37.
3 “ 1834,7,9 | Aunstriaf . . . . . 8.09 32.
1 “ 1842 Russianf . . . . . . | 3as9 | 38

Aecor(,‘iing to the above, it appears that in England and Wales the
conditions are most favorable to vitality, and in Russia, least ; the sev-
eral countries, arranged in the inverse order of the respective intensi-
ties of mortality, being England Sweden, France, Belgium, Prussia,
Austria, and Russia.

The population of Massachusetts has increased more rapidly than
those of the principal countries of Europe. The annual rate of in-
crease of the former, during the years 1850-55, was two and two thirds
per cent. (2.63). The effect of an increase by births merely is to di-
minish, in some degree, the general rate of mortality, even though the
intensity of mortality, at different ages, remains unchanged.

‘We will now proceed to the construction of the Life Table.

# 9th Report Registrar General (England).

t 8th Report Registrar General (England).

t See 6th Report Registrar General (England).

¢ Statistique de la Belgique, Publi¢ par le Ministre de I'Interieur.
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TaABLE I.—NUMBER AND AGES OF THE POPULATION OF MassACHUSETTS, AC-
CORDING TO THE NATIONAL CEXsUS OF 1850 AXD oF THE SvaTe CENSTS
OF 1855; AL8O THE ANNUAL RATIO OF INCREASE, AND THR LOGARITHMS
oF THE MONTHLY RATIO OF INCREASE, THE RATIOS BEING CORRECTED
FOR THE NUMBERS BETURNED AT AGES NOT SPECIFIED.

PoPULATION.
Unlity plus the 'Logarithms of th
Ages. Anmaal Rae of Monthiy Ratlo of
1850. 1855. ’
0-1 23,192
1-5 90,853

0-5 114,045 132,944 1.03131 0011159
5-10 102,797 115,862 1.02439 -.0008720
10-15 98,024 - 110,098 1.02367 0008468
15-20 : 105,741 , 117,047 1.02069 0007413
20-30 210,997 235,678 1.02254 0008067
. 3040 143,931 165,046 1.02793 0009968
40-50 96,266 111,500 1.02999 0010694
50-60 60,254 71,829 1.03594 - 0012779
60-70 36,837 42,423 1.02881 0010279
70-80 17,936 20,810 1.02034 0010818
80-90 5,820 6,138 1.01086 10003911
90-100 613 634 1.00693 0002498
100 and upwards 19 19 1.00017 .0000060

Age not specified 1,234 2,341
All ages 994,514 1,132,369 1.02630 0009396

Specified ages 993,280 1,130,028
90 and upwards 632 653 .0002426
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From the returns of births for the six years, 1850-55, it appears
that the annual rate of increase was 8.49 per cent. But the annual
rate of the increase of the living, under the age of five years, was only
8.13. The latter is believed to be the more correct. The difference
is probably owing to a gradual improvement in the completeness of the
returns of the births.

In that which follows, we shall assume that the population in the
selected districts increased, at the different intervals of age, at the
same rates as in the entire State.

The population of the 166 towns may be divided into two classes,
the migratory and the permanent; the former comprising immigrants
and emigrants.

We assume that the proportional distribution of the ages of those
living under the age of five years, was the same in the latter as in the
former class ; that the ratio of the number of births to the number liv-
ing under age five, was the same in each; and that the same tnvariable
law of mortality prevailed over those under the age of five years in
each.

In the towns selected, the number of births registered in 1855 was
23,481. The number of persons living under age five, estimated with
reference to the middle of the year and corrected for those returned
at unspecified ages, was 90,260.

. Ages. Deaths.
0-1 3,622
The deaths at different ages under | 1-2 1,654
five years, corrected for those returned { 2-3 705
at unspecified ages, were 3-4 375
4-5 252

Assuming correctness of the returns upon which the above values
depend, we find the annual rate of increase of births in the permanent
population to have been 1.1023 per cent.* Wae also find the number of

# Had the rate of the annual increase of the numbers living under age five (3.13
per cent.) resulted entirely from the increase of births in a permanent population, the
number of births of 1855 would have been 24,457, instead of 28,481, the number
registered.  On the other hand, had the increase resulted wholly from migration (the
annual number of births in the permanent population being constant), the number of
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deaths at the different ages demanded by a constant supply of 28,481
annual births in a community influenced by migration, but subject to
the above-mentioned invariable law of mortality, to be

Ages. Deaths.
o-1 38,641.9
1-2 1,681.4
2-3 724.6
34 889.7
4-5 264.7

Hence of 10,000 persons born alive, there would survive, ages 1, 2,
8, 4, and 5, as follows : —

Tance IL
Ages. Numbers. Logarithms.
0 10,000.0 4.0000000
1 8,449.0 3.9268053
2 7,732.9 3.888342¢
3 7,424.3 3.8706555
4 7,258.3 3.8608349
5 7,145.6 3.8540387

To continue the above table, we shall need to compare the deaths
and the population at the different intervals of age.

births would have been only 22,956. The number of births registered is somewhat
nearer tho latter than the former of these two values.

Assuming tho correctoess of tho returns of births, deaths, and population in the
selected districts, and of the indicated rates of increase of population, it appears that
35 per cent. of the increase of the population under age five was due to increase of
births in tho permancnt portion of the populatior, and 63 per cent. due to the move-
ment of the migratory portion ; also that 38 per cent. of the increase of population at all
ages was duo to cxcess of births over deaths, leaving 62 per cent. to be accounted
for by excess of immigration over emigration. (A.)
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‘TasLeE II1. — DraTHs, POPULATION, MORTALITY, AND LOGARITRMS OF THE
ProBABILITY OoF Livine.

Massachusetts, 166 towns, 1855.

Reams- | poo s LoaARrzAMS, WITE THE SIGN CHANG'D,
TERED " | MoRTALITY. | OF THE PROBABILITY OF BURYIVING
Drates;| TN EAOH INTERVAL OP AGE.
§§5 t8 | 32 &
-3
ws"dp . 3§ 5 3
Aczs. 5¥-°8 ot es
LR lETE| st | i
2 £ |8 = 31 =%
=1 . z, ! - g gz - 2
® -
2 8 ;.;;E > e g;
sk §i8 5
- =
i 1838 ggé g
Under1 year . .| 3,595
1-2 . . . . .|1,642
23 . . . .. 700 | 189,852 .0732094
34 . . .. .| 372 )
-5 . . . .. 250
5 . . . .. 622 .0191772%
0168125
510 . . . . . 595| 76,566 | .0077980 10159100 0168613
0094179
10-15 . . . .- 11| 71,851 .0043436 10094488 0094333
0190957
1520 . . . . . 672! 76,854 | .0087768 10190705 0190831
. . - 0491767
2030 . . . . .| 1,817 161,544].0112883 10490648 0491208
0538119
3040 . . . . .| 1,388/ 112,489 .0123781 (0538257 0538188
.0613538
40-50 . . . . .| 1,035| 78,604|.0141040 0615053 0614295
0881465
50-60 . . . . . 908 | 45,134 .0201687 10884615 0883040
.1624950
60-70 . . . . . 942 | 25,766 | .0366732 ‘1624646 1624798
- 3729434
70-80 . . . . . 976 12,265) .0798130 '3595270 3684713t
: 1.1507632
80-90 . . . . . 635 3,469 | .1838871 '3622095 95362481
90 and upwards. .| 129 874 | .3466159
Age not specified .| 119| 1,472
Allages . . . .[16,086 751,240 | .0213663
Specified ages . . [15,967| 749,768

* From deaths and estimated population, at the ages of three to five.

t The former of these values was obtained by giving double, and the latter by
weight to the antecedent of the respective duplicate valugs in the pre-

giving trx{:tn,‘

ceding co
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The method adopted in calculating the probabilities of living from
the annual rate of mortality, is essentially the same as that indicated
on pages 60 and 61 of the Proceedings of the American Association
for 1856. t

From the above Tables II. and III. the following values, from birth
to age 90 inclusive, are readily deduced.

TaBLE IV.—PROPORTIONS BORN ALIVE, AND S8URVIVING CERTAIN AGES.

Ages. Logarithms. . Numbers.
0 4.0000000 10,000
1 38.9268053 8,449
2 3.8883424 7,733
3 38.8706555 7,424
4 3.8608349 7,258
5 3.8540387 7,146
10 8.8371774 6,873
15 3.8277441 : 6,726
20 8.8086610 6,437
30 . 8.7595402 - 5,748
40 8.7057214 5,078
50 8.6442919 ' 4,409
60 38.5659879 38,697
70 3.8935081 2,475
80° 3.0250368 1,059
90 2.0714120 117.9
100 .8430527 . 2.20

In assigning the average number that may be expected to sur-
vive age 100 out of a stated number of births, there is room for some
diversity of opinion. The influence, however, of the numbers at this
extreme age upon tables of practical utility is inconsiderable.

The logarithms in Table V. were dexived from those in Table 1V.,
by the interpolation of eight additional values, namely, those at the
ages of 23, 35, 45, 55, 65, 75, 85, and 95. The third differences of
the logarithms from age 85 upwards in the following itable eonstitute
a constantly increasing series. -




TaBLE V.—MassacuuserTs Lire TABLE, 1855.%
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x 1 Lz L & Yz Ez Eé
0 | 4.000000 10,000 397,653 12,857,379 89.77 32.33
1 8.926805 8,449 388,655 46.00
2 | 8.888342 7,733 380,616 49.22
3 8.870658 7,424 373,060 50.25
4 | 38,860835 7,258 365,727 50.39
5 | 3.854039 7,146 358,530 10,967,776 50.17 30.59
10 | 3.837177 6,873 328,508 nosnmes 47.07 28.64
15 3.827744 6,726 289,508 43.04 26.71
20 | 39.808661 6,437 256,561 39.86 | 24.82
25 | 3.785307 6,100 225,205 36.92 | 22.93
30 | 3.759540 | 5,748 195,584 34.03 | 21.02
35 3.733016 5,408 167,699 31.01 19.11
40 | 3.7205721 | 5,078 141,486 27.86 | 17.19. |
43 3.676505 4,748 116,919 24.62 15.28
50 3.644292. 4,409 94,015 cymeyemm 21.32 13.41
55 3.604475 4,022 72,919 843,806 18.13 11.57
60 | 8.555988 3,597 53,842 527,821 14.97 9.80
65 | 3486461 3,065 37,152 301,421 12.12 8.11
70 | 3.393508 2,475 23,279 151,568 9.41 6.51
75 | 3.263163 1,833 12,471 63,578 6.80 6.10
80 | 3.025037 1,059 5,245.2 20,780 4.95 3.96
85 2.640633 437.1 1,599.7 5,075.5 3.66 3.17
90 2.071412 117.9 336.8 869.0 2.86 2.58
95 1.311480 20.49 46.4 94.8 2.26 2.04
100 | 0.343053 2.203 3.47 5.12 1.58 1.48

# This comprehensive form was first given to the Life Table by Dr. Farr, tle
eminent English statistician. Valuable details respecting the properties and uses of
the columns Q and Y (Table V.) and Z (Table VII.) may be found in the Sixth
Report of the Registrar-General (Eng.)

6

(61)
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The integration of the functions L., Q. L/, and Q., to obtain the
values in columns Q, ¥, &, and Z respectively, was chiefly effected
by the brief methods detailed in the Proceedings of the American
Association for 1856. The ordinary process involves a preliminary
and formidable interpolation .of values at annual intervals of age, and
a summation of the values thus obtained. In note B is offered a modi-
fication of the method previously given, especially adapted to the com-
putation of values at the higher ages.

A large variety of useful problems may be solved by reference to
the table above. We can now only advert to some of the more ob-
vious of its properties.

According to the law of mortality for Massachusetts, it appears, that
of 10,000 children born alive, 6,437 persons will surmve age 20;

That these 6,437 parsons wsll lsve, in the aggregate, 266,651 years;

That the average number of years which they will live is 39.86;

And that the average number of years which they Aave lived and
will live, that is, the complete average duration of life, past and futare,
in years, is 59.86, that is, 20 -}- 39.86.

In a stationary population, supplied by 10,000 annual births, there
will annually occur 6,437 deaths of persons at and over age 20.

These 6,437 persons dying will have lived, in the aggregate, 256,561
years over age 20.

The average number of years over age 20 which they will have lived
is 89.86;

Their average age at death is consequently (20-}-39.86=) 59.86
years.

In a stationary population supplied by 10,000 annual births, there
will be 256,561 persons constantly living at and over age 20.

This generation of 256,561 persons will live in the aggregate 6,367,-
019 years;

They Aave already Lived 6,367,019 years over age 20.

The average number of years which they will live is 24.82.

The average number which they Aave lived, over age 20, is 24.82
years; their average age is consequently 44.82 years; and the com-
plete average duration, past and future, of the generation of persons
now at and over 20 years of age, or their average age at death, is
(44.82 4 24.82 =) 69.64 years.

In a stationary population there constantly will be ving, to one an-
nual death, 39.86 persons, at and over age 20.
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In a community the members of whizh enter in constant and uni-
form numbers at age 20, and retire at age 60 or before in the event of
death, the average number of years that the present members w:ll eon-
tinue with the community is 18.18; they have already been maembers
18.18 years; consequently their complete average duration of mem-
bership, past and fature, is 36.36 years.

According to the English Life Table (1841) these numbers would
be 18.23 and 36.46, respectively.

This case approximately represents that of a community of business
men, if we assume that its members enter at about the age of 20 years
in nearly equal annual numbers, and retire from active hfe about the
age of 60 years, or before in case of decease.

This table will be found of- practical utility, not only for the very
valuable purposes of Life Insurance, but also to the statesman and to
the political economist, in the solution of many important problems,
among which may be mentioned those relating to the strength and the
decadence of armies in time of peace, and to the influence of immigra-
tion and emigration on the growth of populations.

% The applications and uses of National Life Tables,” says Dr. Farr,*
“are almost innumerable ¢ without an intimate knowledge of their prop-
erties it is impossible to determine the laws of population, which are
the basis of statistics, or to reason upon such matters without falling
into great errors, of which, if it were not invidious, too many instances
might be cited from current works on population and public health.”

# Sixth Rep. Reg. Gen. p. 524
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TasLe VI.—PrEPARATORY TABLES FOR DETERMINING THE VALUES OF Lirs
ANNUITIES, AND OF OTHER SINGLE Lire BENEFITS, AT D1vERS RATES OP
INTEREST FOR MONEY, ACCORDING TO THE MassacHUSETTS LiFE TaBLE.

8 per cent. 4 per cent. 5 per cent.
1 \z sl /4 1 \z /4 1 \z 4
fla(ey| L LEr| T |Gy X
) /4 N ) /4 N ) 4 N
z z z z = EJ x
-_ L]
0 J10,000 189,437 !10,000 158,231 110,000 135,595
1§ 8,203 179,437 8,124 148,231 8,047 125,595
2] 7,289 171,334 7,150 140,107 7,014 117,548
3] 6,794 163,945 6,600 132,957 6,413 110,534
4] 6,449 157,151 6,204 126,357 5,971 104,121
5] 6,164 150,702 5,873 120,153 5,599 98,150
10§ 5,115 192,031 4,643 93,311 4,220 72,992
15 4,317 98,111 3,735 - 72,001 3,235 53,976
20§ 3,564 78,061 2,938 54,969 2,426 39,491
257 2,913 61,588 2,388 41,636 1,801 28,679
30] 2,368 48,151 1,772 31,277 1,330 20,671
35§ 1,922 37,239 1,370 23,443 9804 14,763
40 § 1,557 28,388 1,058 17,069 721.4 10,410.3
45§ 1,256 21,228 812.8 12,291.9 528.4 7,212.3
50 § 1,006 15,464 620.3 8,630.9 3844 4,875.0
55 7915 10,876.3 465.2 5,853.5 247.8° 3,184.4
60 610.8 7,291.3 3420 3,784.4 192.6 1,984.1
65] 4488 4,570.8 239.5 2,287.9 128.6 1,156.0
70fF 3125 2,609.2 158.9 1,259.6 81.33 613.51
75 199.7 1,279.4 96.75 595.36 47.20 279.41
80 99.55 490.96 45.96 219.55 21.87 99.00
85 35.44 136.02 15.59 59.44 6.911 25.73
90 8.943 25.98 3.458 10.948 1.460 4.5636
y 98 1.236 3.3 494 1.31 77I .1988 5210
| 100 1146 .23 0436 0891 0168 0341
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TaBLE VI.—continued. PREPARATORY TABLES FOR DETERMINING THE VALUES
or L1Fe ANNUITIES, AND OF OTHER SINGLE LiFE BENEFITS, AT DIVERS
RaTes or INTEREST FOR MONEY, ACCORDING TO THE MASSACHUSETTS

Lire TaBLe. ~ ;
6 per cent. 7 per omt. | § per cent.

1 1 I3 1 /4
LG ZH LGy T | LG
. xr - N 4 N r . N

z z F 3 x x &

0 J10,000 118,680 . 10,000 105,652 10,000 95,219

1] 7,9m 108,630 : 7,896 95,552 7,828 85,219

2] 6,882 100,659 * | 6,754 87,656 6,630 77,396

3] 6,234 93,777 6,060 80,962 5,694 70,766
410,749 | | 87,548 - | 3,537 74,842 5,835 164,873
515340 , | 81,795 5,095 " 69,305 4,863 59,537
10| 3,838 58,188 - 3494 47,141 ' | 8,184 38,703
15| 2,806 41,207 2,438 31,948 - | 2,120 25,099
20| 2,007 28,865 1,863 21,411 1,381 | 16,091
25] 1,491 20,077 1,124 14,256 890.7 10,250.8
307 1,001 13,870 785.1 9,433 871.3 6,493.1
351 7036 9,602 | 806.5 6,194.8 365.8 4,085.1
4] 4987 |-4,488 839.1 4,024.2 238.8 2,544.1
45) 3449 4,283.5 226.1 2,572.9 148.7 1,560.8
50] 289.3 2,784.7 149.7 1,607.3 94.00 936.60
550 168.2 1,750.7 97.36 971.6 $8.87. 544.28
60] 109.1 1,050.3 63.08 560.91 85.53 302.20
68 69.44 589.3 37.72 | 803.09 20.60 157.12
70] 4189 801.41 21.71 149.33 11.3 74.545
75 23.19 15222 1147 83.11 5.707 80.335
8o 10.01 45.00 © 4724 -20.63 2.245 9.524
85 3.088 | - 11.%0 1.890 ¢ - 4.93 o 6804 2.191
% .6221 1.994 .2672 797 1157 338
9% M 207 .0331 08621 . 01368 | .0350
100 .0065 013 0025 .0051 .00100 .00200

6*
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!

TaBLE VII. —For DETERMINING THE AVERAGE VALUES OF LIFE ANXUITIES,
AND OF OTHER SINGLE LIrp BENEFITS, ON THE WHOLE OF A STATION-
ARY POPULATION, OR ON THE PART AT AND OVER CERTAIN ons, AC-
CORDING TO THE MA8sACHUSETTS LiFe TABLE.

Interest of Money. — Five pel; cent. °

.

C Zax
) | =« 7!
Ages. :
, ’
¢ z, a
ANNOITY.

0 397,653 5,682,478 13.29

1 870,148 O .

2 345,230

3 322,263

4 300,885 -

5 280,918 3,946,299 1305
10 198,606 2,717,810 12.68
15 139,268 1,851,426 12.29
20 96,695 1,246,093 11.8¢
25 66,504 827,263 114
30 45,254 530811 10.94
35 30,402 ' 345,934 10.38
40 20,097 216,087 9.75
45 13,013 130,868 © 9.06
50 8,198 76,207 8.30
55 - 4,982 42,102 * 747
60 2,882 21,860 6.59
65 1,558 10,360 - © 8,65 -
70 765 4,332 4.66
75 321 . 1,510 .. 871

' 80 105. 8 4178 - ' 296
85 25.3 83.2 2.29
90 4.2 C 134 - 198 i
95 K 1.2 1.49

100 08 06 .. to-s 100

The average of the present values of one dollar, payable at the close
of each year during the continuance of each of the lives. of the per-
sons now at and over the age of 20 years, in a stationary yopula:wn,
interest of money being eomputed at the rate of 5 per cent. per sa-
num, is $11.89. [Zable VIL] -

ExavpLEs. — The present value of one dollar, payub;e at the cloee
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of each year during the continuance of the life of a person now 20
years of age, interest of money being computed at the rate of
4 per cent. per annum, is $17.71
{ & per cent. per annum, is $15.28
. . , [ Zable vii.]

Our Z. is commonly written [, -

The AV, is that used by Dr. Farr and a few other late writers, and
is equivalent to the N, introduced by Mr. Griffith Davies, and
adopted in certain stindard treatises o life anmuities and reversions.

Q, ¢, Y, and Z retain the same signification as in the Reports of
the English Registrar-General.

¢ is any annual rate of interest for inoney ; as, ‘03, -04, or -05.

Formulas for determfning values of annuities, annual premiums, and
smgle premiums, are given in the headings of the respective cotumns
in which thosé values appear. [Table VIIL]

. L=1, G“

, : ¢=@G+)'
N, (which eqnals I I ~L,+L='=-;1+Lz+z+"”L’°,, and
represents the aggregam present values of a constant sum, the (_)

ponwn of one dollar, payable at the beginning of each year, during
the contmuaqee of each of the lives of the L, persons living at the
age 2. ‘

Zz (whlchequals 2” Q')—- Qz+ Q;+l+ Q;+l+“ o Q’w)and
repraents the aggregnte present values of a constant sum, the ( )
pomon of one dollar, payable, at .the beginning of each yéar, during
the continuance of each-of the lives of the . persons living in a sta-
tionary population gt emd over age .

o (whieh equals -—-1) reprosents the averageofthe pres-

.
ent vahe& of -one dollar, payable, at the begxnmng of each year, dur-
ing the continuance of the lives of each: of persons living (Q,) ina

stationary populstion at and over age .
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A column, represented by the well-known symbol M, may be con-
structed from values in columns L and N, by the following simple
formula:

. M= L;—-I—:F-;N,.

M represents the aggregate present valwes of 8 constant sum, the
T + A port\on of one dollar, payable at the end ef—eaeh of the years
in which the deaths of the L, persons living at the age x will o¢cur.

For methods for deducing from.the abové the values of other single
life benefits, the reader is referred 1o the wnungs of Mr. David Jones,
in his work on “ Annuities and Reversionaty Payments,” of Professor
De Morgan, in the Campanions to the British Almanac for 1840 and
1842, and of Dr. Far, in the Sixth and the Twelfth Reports of the
Registrar-General (Eng.). These benefits may be umform or variable,
and may apply either to the enﬁre penod of life or to limited por-
tions.

Tables, for determining the values of beneﬁts contmgent upon a
combination of lives, may be framed by btief processes, in some de-
gree analogous to those already indicated.
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Tasre VIII.
4
ANNUAL Prexoe  Unave-
. MENTED, — The sum peya-{Sivars Premiox  Unave-
AXNUITY. —The present val ble at the o}:ch MENTED. — The present val-
after arriving at a certain age, yehr,after arriving at a cer-| ue, after arriving at a cer-
one dollar, le at the end of] tain age, which amount| tain age, of one hundred
each year during life. .. to one hundred dollars at| dollars, paysble at the end
end of the year of de-] of the year of decease.
o
. ~
~3 +
cee 1+ \v—l/
— Py,
i L *
< [~ I
. —
T z =
2N 8 .8
& ) A
4 per cent. | 5 per emt 4percent. | bpercent. | 4percent. | B percent.
] 14.824 12.560 2.47 2.61 39.14 35.43
1 17.247 14.608 1.63 1.65 29.82 25.68
2 18.595 15.759 1.26 1.21 24.64 20.20
3 19.145 16.236 1.12 1.04 22.52 17.92
4 19.367 16.438 1.06 97 21.67 16.96
5 19.459 16.530 1.04 94 21.31 16.52
10 19.097 16.297 1.13 1.02 22.70 17.64
15 18.277 15.685 1.34 1,28 25.86 20.55
20 17.710 15.278 1.50 1.38 28.04 22.48
25 17.198 14.924 1.65 1.52 30.01 24.17 -
30 16.651 14.542 1.82 1.67 32.11 26.99
35 16.111 14.058 2.00 1.88 34.19 28.30
40 15.133 13.431 2.35 2.17 87.95 31.28
45 14.123 12.649 2.77 2.57 41.83 35.00
50 12.914 11.682 3.34 38.12 46.49 39.61
55 11.583 10.588 4.10 3.37 51.60 44.82
60 10.065 9.301 5.19 4.95 57.44 50.95
65 8.553 7.989 6.62 6.36 63.26 57.19
70 6.927 6.543 8.77 8.50 69.51 64.08
75 5.154 4.920 12.40 12.13 76.33 71.81
80 38.717 3.638 17.09 16.82 81.63 77.94
85 2.813 2.723 22.38 22.10 85.33 82.27
90 2.169 2.101 27.71 27.50 87.81 85.24
95 1.670 1.621 33.61 33.40 89.78 87.49
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TaBLe IX.— Comparison oF T PresExT VarLues or A Wipow’s RicET
oF Dower 1N THE INdoME OF AN EsTaTE WORTH $1,000, COMPUTED
ACCORDING TO THE MASSACHUSETTS, THE ENGLISH, AND THE Prussiax
Lire TaBLEs.

MASSACHUSETTS, _ENaLaxp, ‘Paossa,
168 Tosmes Females, 189-40-41.
Ages.
5 per cont. 4 per cent. 4 per cent. 4 per cent.
25 251 281 235 226
35 237 217 16 202
43 214 191 191 170
55 180 158 155 : 130
65 138 118 113 92
75 88 74 74 65
83 52 43 45 45 '
]

In computing the above table, the widow’s interest in the estate was
supposed to continue until the moment of decease. Such tables
have been sometimes framed on the assumption that the claim was to
cease with the end of the year preceding that in which the death
should occur.

. We observe a close resemblance between the values from the Mas-

sachusetts data, and those derived from the table that expresses the
law of mortality that prevails over the females of England.

The values from Prussian data are usually less than those from the
English and the American observations.

'We now give tables comparing the newly determined law of mor-
tality for Massachusetts, in some of the forms in which it has been pre-
sented, with the laws which prevail over the populations of several of
the communities of Europe.

The ratios of deaths to population, in Tables X. and XT. do not, in
all cases, admit of direct and exact comparison, owing to want of uni-
formity in the intervals of age. Their relations, however, are suffi-
ciently obvious for our present purpose. If curves be traced, to which
the ratio of the number of the living to one annual death, at each of
the intervals of age, and the age of the middle of the interval shall be
codrdinates, the relative vitality of the several communities at every
age of life may be readily compared, and with sufficient approach to
exactness.
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Tasre X.— MORTALITY, PER CENT., OR, THE NuUmBER OF DEATHS TO 100
Persons LiviNg, IN DIVERS COMMUNITIES, COMPARED.

ml&lerml'n, ENGLAND A? Wavrzs,* me;:,' é!l:u;u,'
owns, Seven Years
1856, o e eer
Ages.
Persons. Males. | Females.:| Males. | Females. Persons.

0-5 7.32 7.07, 6.04 7.28 6.27 8.28

5-10 .18 93 .90 83 .78 1.03
10-15 43 50 55 53 49 50
15-20 .88 70 79 54 53 .68
20-30 113 94 94 90 .73 .75
3040 1.24 1.09 113 131 1.06 1.06
40-50 141 ° 145 1.32 1,96 142 1.43
50-60 2.02 2.26 1.98 3.09 2.30 1.83
6070 3.67 4.28 8.79 5.66 4.72 4.12
70-80 7.98 9.22 8.42 11.81 10.54 8.30
80-90 18.39 20.11' 18.32 25.63 23.01 17.87
90 and over 34.66 36.53 34.58 42,15 39.72 28.44
All ages 214 2.27 2.10 - 2.56 2.28 2.50

# From a-paper by T. R. Edmonds, Esq., published in the numbers of “ The

Lancet” (London) for the 9th and the 16th of March, 1850.

1 Derived from values on page 418 of Mr. Milne’s Treatise on ¢ Annuities and

Assurances.”

Ld
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TapLe XI. —MORTALITY PER CENT., OR THE Numser oF Deatms TO 100

PEersoxs LIVING, IN DIVERS COIIUN[TIM, COMPARED.

BELGIUM|EXOLAND AND W.u.n.. oSmu.' Pm;
D years,| 7 years, |10 years. | 20 years, 8 years,
X " . 1.
Ae 181260, 185844, | 1 158140 Ao U Y
Persons.]| Meanof | Mean of | Mean of Persons.
Males and | Males and | Males and
0-1 20.11 | 17.93 19.84 | 0~1
1-3 719 6.55
2-3 378| 351 380 13 .
-4 2.61 2.50
4-5 1.80| 184 156 | -5
0-5 6.99 6.54 | 6.85 6.43| 05 0-5 " 8.02
5-10 1.09 91 91 76 | 5-10 8-7 1.52
lo-;g 72 53 .53 .47 | 10-15 7-14 78
15 .87 14-20 .63
20-25 1.04 } 82 8 39 | 15-25 20-25 89
25-30 1.05 . 25-30 97
30_33 1.08 99| 1.08 .97 | 95-35 30-35 108
354 1.21 3540 1.32
4045 144 1.25| 1.30 1.42 | 3545 045 145
45-50 1.56
5055 208 1.66| 1.76 2.06 | 43-55 45-53 2.10
55-60 2.76 55-60 3.57
so-c;s o7 295( 38.04 3.57 | 55-65 60-65 558
65-70 5.38
70-75 841 6.22| 643 7.61 | 65-75 65-75 . | 9.0
75-80 11.69
80-85 1657 | { 1874 | 1432 16.93 | 75-85 75-85 15.15
85-95 22.70 | 28.42| 29.19 82.60 | 85-95 85 & upw. | 26.62
95& upw. | 25.79 | 41.46| 4523 43.64 | 95 & upw.
Allages | 243 219 s98 2.34 2.70

® Ninth Rep. Reg. Gen., p. 177, and Seventeenth Rep. Reg. Gen., p. xvi.
t Eighth Rep. Reg. Gen. (Eng.), p. 276.
$ Proceedings Am. Assoc. for the Adv. of Science, 1856, p. 56.




Tapre XII. — PROPORTIONS BORN AND BURVIVING CERTAIN AGES IN DIVERS
COMMUNITIES, COMPARED.

MAsSACHU'TS,| ENGLAND AND( CARLISLE, PRUSSIA, | SWEDEN AND | BzLoIUN,
168 towns. Wanzs, FINLAKD,

1841, 1779-8% | 1880, 40,41. 1801-5. 1842-60.
Farr. Milne. Elliott. Milpe. Elliott.

0 10,000 10,000 10,000 10,089 10,000 10,000 |-
1 8,449 8,537 8,461 8,294 8,112 8,504
2 7,733 8,010 7,779 7,721 7,659 7,918
3 7,424 7,739 7,274 7,364 7,403 7,625
4 7,258 7,584 6,998 7,147 7,226 7,429
5 7,146 7,420 6,797 6,992 7,096 7,296
10 6,873 7,061 6,460 6,589 6,729 6,912
15 6,726 - 6,863 6,300 6,385 6,558 6,671
20 6,437 6,606 6,090 6,165 6,377 6,386
30 5,748 6,033. 5,642 5,641 5,918 5,754
40 5,078 5,383 5,075 5,008 5,369 5,180
50 4,409 4,662 . 4,397 4,243 4,647 4,413
60 3,597 3,800 3,643 3,141 3,590 3,464
70 2,475 2,453 2,401 1,573 2,163 2,185
80 1,059 938 953 444 644 787
90 118 115 142 50 49 110
100 2 1 9 1 0 5

TasLe XIII.— AveEgAGE Furure DuraTIiON OF LiFE 1IN CERTAIN CoMMU-
NITIES, COMPARED.

Missacav- |, Ewauawp axn Warss. BYEDEN AXD| puussa. | Canume.
Aem | s 1841 T | 183844 | 1801-05. |1889,40,41.| 1T7e-8T.
Persons. Males. | Females, | Males. | P P P
: o

1] ‘398 - 40.2 42.2 40.4 394 36.7 38.7

5 50.2 49.6 504 | 502 50.0 47.1 51.3
10 47.1 47.1 478 47.5 47.6 44.8 48.8
15 "43.0 43.4 44.1 43.6 43.8 41.2 45.0
20 .39.9 89.9 |. 40.8 400 | © 40.0 87.5 41.3
25 36.9 36.5 37.5 36.6 86.3 34.0 37.9
30 34.0 33.1. 34.2 33.2 32.7 30.6 34.3
35 31.0 29.8 31.0 29.8 29.1 27.1 31.0
40 27.9 26.6 27.7 26.5 25.5 23.8 27.6
45 24.6 23.3 24.4 23.1 22.1 20.4 24.5
50 213 20.0 21.1 19.9 18.7 17.1 21.1
55 18.1 16.7 17.6 16.7 15.6 14.0 17.6
60 15.0 13.6 144 13.6 12.6 11.2 143
65 12.1 10.9 11.5 10.9 9.9 9.0 11.8
70 9.4 8.5 9.0 8.6 7.5 7.4 9.2
75 6.8 6.6 6.9 6.6 5.7 6.0 7.0
80 5.0 4.9 5.2 5.0 4.2 4.8 5.5
85 3.7 3.7 3.8 3.7 3.2 3.8 4.1
90 2.9 2.7 2.8 2.8 2.4 3.0 3.3
95 23 2.0 2.1 2.1 1.7 3.5

7 73
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TaBLE XIV. — AvERAGE FuruRE QURATION OF LIFE OF A GENERATION, OR
OF THOSE LIVING AT AND OVER CERTAIN AGES, IN A PoruLatION COX-
BIDERED STATIONARY.

MASSACHUBETTS. BY6LAND AND WALES?®

Ages. 1856. . 1841 . 1888-44.
Persons. Males. Females. Males.
0o - 32.3 31.9 32.5 32.0
10 28.6 28.2 28.7 28.2
20 24.8 24.2 24.8 24.2
30 21.0 20.3 20.9 20.3
40 17.3 164 17.0 16.4
50 ’ 13.4 12.7 13.2 12.7
60 9.8 9.2 9.6 9.2
7 6.5 6.3 | 6.5 6.3
80 4.0 4.0 ' 4.1 4.0
920 2.6 2.4 2.5 2.5

# Sixth and Twelfth Reports Reg. Gen.

From inspection of Tables X. and XI. it appears (so far as the data
show) that, from a point below age 5 to about age 15, lower rates
of mortality obtain in Massachusetts than generally in European com-
munities; that, from age 15 to divers ages between 35 and 50, the
Massachusetts rates are much Aigher; after which they again fall
somewhat below the European. Under the age of five years, mortality
in Massachusetts seems more intense than in Europe generally, though
less so than in Prussia, and less than was experienced in the town of
Carlisle during the nine years, 1779-87, which period was before the
introduction of vaccination.

In the first of the above-mentioned intervals (say from age 3 to age
13), the mortality of Massachusetts approaches more closely to that of
Sweden than to those of the other European communities.

In the second of the intervals (from about age 17 to 45), it more
nearly represents the mortality of Belgium, though higker ; and from
age 45 onwards, it is lower than, but nearer to, the average English
rates, not varying greatly from the mortality of the females of England.

The mortality of Massachusetts appears to be lower than that of
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Carlisle previous to about age 17, thence generally kigher to about age
60, lower to about age 80, and kigher from that point onward.

As 8 whole, the mortality of the Sfate is better represented by that
of England, than of any European country.

From about age 3 to age 85 the mortality of Sweden appears to be
lower than that of England, and afier age 85, higher.

In Prussia, with the exception of the intervals between the ages 15
and 25, and between ages 85 and 95, the mortality is uniformly Aigher
than in England.

Through much of the interval under the age of 8 years, the mortal-
ity of Belgium closely resembles that of England; from that age to
about 55 it is /Aigher, thence to 85 nearly the same, and above that
point, lower. '

The Belgic rate is higher than the Prussian from age 15 to 82, be-
yond which point it is generally the lower.

At birth, the average future duration of life in Massachusetts (see
Table XIIL) appears to be slightly less than in Sweden. From age
5 to age 25 inclusive, it agrees well with that of the males of England,
and also with that of the population of Sweden. From age 30 onwards
to advanced age, it is usually best represented by that of the females of
England. -

For much of the period from age 80 to age 75 inclusive, the Car-
lisle and the Massachusetts resuits do not greatly differ. Our compar-
isons have been made with national life tables and with the Carlisle
table. The latter is introduced because of its' extensive employment
in this country and in Europe for insurance and in legal proceedings.

We observe, according to the Massachusetts life table, that of all
born alive, somewhat less than one in six (.155) die before arriving at
the age of one year; that one fourth (.26) die before attaining the age
of three years ; that seven tenths (.71) survive the age of five years;
one half (.51), the age of forty years; one fourth (.25) the age of
seventy years; one tenth (.11), the age of eighty years; and that one
of every hundred born alive reaches the advanced age of ninety years.
Great relinnce cannot be reposed in conclusions respecting extreme
longevity derived from the data employed in the construction of any of
the tables, whether European or American, both in consequence of the
less reliable character of the returns at those ages, and of their lim-
ited number. :
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‘We have seen that in Massachusetts a greater disparity exists than
in European countries, between the rates of mortality at the ages of 5
to 15, and the rates from age 15 to about 45. °

In the towns of Massachusetts selected, the rate of mortality at the
ages of 5 to 15 was but little more than one half (.55) of the rate at
the ages of 15 to 40. In England, in 1841, the rate of mortality in
the former interval of age was about three fourths (.78) of the rate in
the latter interval.

A similar disparity is observable on comparing the returns of deaths
for the entire State for the st years, 1850-55, with the average of the
numbers living at different ages according to o enumerations, —the
one ordered in connection with the national census for the 1st of June,
1850, and the other in connection with the State census for the 1st of
June, 1855. In the six years mentioned (1850-55), the rate of mor-
tality in the entire State, according to the returns, at the ages of 5 to
15, was fifty-six one hundredths (.56) of the rate at the ages of 15
to 40. This ratio (.56) is almost vdentical with (.55) that of the towns
selected in 1855, and strengthens the conclusion, that the feature under
consideration prevails in the law of mortality of the population of the
State. : ‘

The returns of deaths for the six years (1850-55) probably com-
prise but about eighty-five per cent. of the actual deaths of the period.

In the foregoing pages has been presented the Life Table for Massa-
chusetts, with divers tables deduced therefrom. Among the more im-
portant of the latter may be enumerated: tables of average future
duration of life ; preparatory tables for finding the values of annuities
and other single life benefits, calculated at siz different rates of inter-
est; and tables of life annuities, annual premiums, and single premiums
at two rates of interest. Tables also have been given compuring the
rates of mortality, the proportions living at certain ages according to
the Life Table, and the average future duration of life in Massachu-
setts, with corresponding values in several European countries.

We defer for the present a comparison of the new results with
those derived from other American observations, and with those from
observations respecting select classes of lives.

We append two notes, —the former (Note A) giving the formula
employed in calculating the influence of immigration and emigration
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on the population under the age of five years, preparatory to the deter-
mination of the values in the Life Table under that age; the latter
(Note B) presenting the methods employed in constructing, by sum-
mary processes, from the Life Table, other tables of practical value.

Noreg A.—In a community unaffected by migration, and in which
the births increase by a constant ratio, the following formula expresses
the relation which holds between the number of births (Z,) in a given
year, their annual ratio of increase (} 1), the function which determines
the number of deaths (D,,) under any age (,) in the same year, ac-
cording to the prevailing invariable law of mortality, supposed invari-
able, and the number of those living (P,;) under the age of five
years in the middle of that year.

o { Pk [ 2 L

v®

Since the value of d. f_i v* closely approximates unity, for the
above formula may be substituted
7= et dz fy = Dy,
W AR

When the births are constant, the expression becomes

L= Poutd2fs Dy,
o

This relation is more fully discussed in the Proceedings- of the
American Association for 1856.

f‘ufdz— : =_2—1  » 4342045,
Nap. log v.

Com. log. v.

To obhin/;' *~* Dy,, dx, when v and D,,, Dy,, Dy, Dy, and
D, are given, first determine the values of v* Dy, v* Dy,, v* Dy,
and v 'DOA‘

Then putting
8, for Dy s+ v Doy + v* Dog + v* Doy + v Dy,
S, for v Dy + v* Dyy + * Doy + o* D,
S; for 7 v* Doy + * Doy + v* Dy,

*
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and assuming an algebraic law of relation to connect the values S,
S; , and S3, we have

— _Ss"l"SA__Do,a—"Do,s
./:"5 Do b == 21

NorE B.—Ox MerHODS EMPLOYED IN THE CONSTRUCTION OF
CERTAIN TABLES.

Q,=dxf°:L,.
=i [70. '

N=ZPL=23%®

&

T+9=’

Z,=2% Q;:Z“:(l '%i)"
On account of the obvious similarity of construction of Q and ¥, and
also of V and Z, we need only present the methods adopted in deduc-
ing Q from L, and & from L'.

From age five onwards to advanced age, the values of L and L’ are
given quinquennially ; from birth to age five, annually. The construc-
tion of the values in columns Q and ¥, at ages earlier than five years,
differs. Let S, and S, represent the sum of the values of L, and L]
respectively, at and over any age x, at equidistant intervals of n years;

that is, let
SJ=L.:+L:+Q+L.:+&+. cec

Ss=LA4 L+ Limt
L, and L aro general terms of series of positive values, that venish
when & is taken sufficiontly great.

We remark, that

® z4+n
a:f L.=¢rf S.,

Ix L;—%.—.S?SZ-%.

and

and

We then assume the following formulas of integration,
0. (or dr f :L,, which equals dr f e s,),
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equals
Sz + Sx+u_ m Dz +Dz—-u) “
(4) " (T s w41 )’
and
4 3 z+n Q/ ,S; L‘{'
N, (or T L], which equals Z% S,—?+? ,
equals '
S+ Sg+n_y Li  nt—1 mD;,+D,',_,.)
(B) ”( 2 +5 12 m+1 ’
in which '
D3=Lz_Lz+n’
and
'D, L _Lx+sn
Y s Dy_n Dy .
Let m equal unity, when the ratio, D7 7 , i8 greater than $, and
less than 2§.
2, 2} and 3
3: when the ratio is between 3 ::l‘g ;
5 7§ and
Let m equal { ;}
* ? tenths of the ratio, when the 16 ::g 1
4 ratio is between and 230

8 tenths of the ratio, when the ratio exceeds 250.

These ratios, except at quite advanced ages, will commonly be such
that m will equal unity, and the values of Q and N will not then differ
from those that result from the assumption of an algebraic law of rela-
tion connecting the four values of S or &, at the ages £ —n, z, x4,
and z -4 2n.

© Ifin (4) for S, S,.,.,. the sum of the values of S, at the limiting

ages z, and = -} n, we put G, and for "D"‘n_:llb‘ we put H; and in
(B), in like manner, put G’ and A, we shall have
G H
© Q* =n (2 iz
and
7 —1
(D) =T E-N A

When it is desired to determine the values of Q or N from but
three given equidistant values of S, or S/, for H or H' we put the sec-

]
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ond difference of the three values; this is equivalent to assuming -

that the three values are connected by an algebrasc law of relation.
If in (C) we let H be zero, Q. becomes merely the product of the

average ( ) of the values of S, at the limiting ages z, and = 4 n,

by (n) the number of years in the interval; and is equivalent
to assuming that a law of arithmetical progression connects the
values of S within the limits.* When the interval of age is quin-

quenmal TS equals ]

The operatnons in (C) and (D) may receive verbal mterpretatxons.
To obtain Q.; from the average of the limiting values

(———S” +25"+") of S, subtract one twelfth () of a mean,(H)' of the

second differences (D,_,, and D,) of the four consecutive values
(Se—ns Sz5 Scia and S, 1) of S, one of which (S,_,) shall pre-
cede, and another (S, .s,) follow the values at the limiting ages (x and
z —n), and multiply by the number of years (n) in the interval of

To obtain N, ; multiply the average of the limiting terms of .S,
by the number of years (n) in the interval of age, add one half of the

value of L', cerresponding to the age, and subtract *—! twelfths of a

mean (H") of the second differences (D _, and D) of the four values
of S; at the ages £ —n, z, z -} », and x4 2n.

We remark that H and A’ are arithmetical means only when m
equals unity ; in other cases the greater weight is eommonly given to
the less of the second differences.

By giving to m the values which we bave mentioned above, we are
enabled readily, and without resort to logarithmic tables, to arrive at
values that closely approximate those that would have resulted from
the integration of the exponential function

a4-bx+4cd*
which may be assumed to equal S, or S.. a, 4 ¢, and d are

® This very simple form does not differ essentially from that givem by Dr. Farr
in the Fifth Report of the' Reg. Gen. (Eng.), and is safficiently accurate for the
carlier ages, if the uniform interval of age () is not larger than quinquennial.
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constants to be determined from the four values of the functions
(8. or S7). corresponding to the specified ages z — a1, z, z -+ n, and
z+42m.

d will, in all cases, be positive, and the curve represented by above
exponential function, if referred to rectangular codrdinates, will have
no point of contrury flexurs.

If S, or S, be represented by the algebraie function

a + b -+ cx® 4 dz?,
the curve, to which the above is the equation, if referred fo rectangular
codrdinates, will have @ potnt of contrary flexure within the limits of
the ages x — n, and x - 2n, whenever the ratios of the second differ-

ences ( ]—)—]‘)'—") of the values of .S, corresponding to the ages x—n, z,

z -} n, and « + 2 n is greater than 2, or less than }; and the larger
the ratio, if greater than 2, or the smaller the ratio, if less than }, the
more eccentric the curve.

If in (A) we give to m the value

(r—1—124)r
Tedr—rt1’
in which :
Dz—»
and
gy r+l 1
d=3%.5 ~ Nap.log.r’

we shall obtain for @, precisely the values that would have resulted
from the direct integration witbin the Fmits x and x - n, of the ex-
ponential expression,
S;=a-fbz-}cd.

Above age 5, the values of Q, were formed by successively adding to
the previously determined valae of @;, the values of the definite inte-
grals of L, for the ages 4 to 5, 8 to 4, 2 to 8, and 1 to 2, determined
according to algebraic laws of relation, involving, in the first case (that
from 4 to 5), three, and in the other cases four of the given equidistant
values of L,. The integral from &irth to age 1 was determined by
assuming that the values at ages 0, 1, and 2 were connected by the
parabolie law of relation,

L=L—(L—L)2
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in which b obviously equals

log. (Zo— Ls) —log. (Lo—Ln)_
‘log. 2

The value of /;)' L, dz, the required integral, is

x(Ln——-I—;:—f' .

5. OxANEW ForM or ARITHMETICAL COMPLEMENTS. By THOM-
A8 HiLr, of Waltham, Mass.

Ir we give the name of arithmetical supplement to the arithmetical
complement diminished by one, or, in other words, to the complement
obtained by subtracting each digit of a number, zeros included, from
the highest digit of the system; (that is, in decimal notation from nine)
then the following theorem is manifestly true.

Af from the supplement of any whole number we subtract the same
number that we add to the whole number, the sum and difference thus
obtained are supplements of each other.

Thus 1863 - 857 = 2720 and 8136 — 857 = 7279 ; and 1863 is
the supplement of 8136, and 2720 of 7279. These supplements may
be used in arithmetical machines by printing the supplement of each
digit in a smaller type by its side, so that we add by looking at the lar-
ger figures, and subtract by looking at the smaller. Thus the example
already given may be printed

1,8,6,8, + 857 == 2/7,2/0,.

Thinking that possibly other uses might be found: for them, I have
thus called the attention of computers to them.
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II. ASTRONOMY.

1. Zopiacar Liear.* By Caarres WiLkes, U. S. N., Washing-
ton, . C.'

OBSERVATIONS on the phenomenon of the Zodiacal Light were as-
signed as part of the duties of the Exploring Expedition, and claimed
particular attention during the continuance of the voyage. In order
to insure that no opportunity should be lost, and that every advantage
might be taken of the opportunities-when they occurred, they were
made a part of the duties of the officers of the watch, with instructions
when this phenomenon was visible to report it to the commander, to-
observe the altitude of its apex, subtension of the base, note its central
line among the stars and its boundary as defined by them ; the phases
of light which it exhibited, as well as the variations which it under-
went, with the hour and-minute of the observation: and lastly, to draw
a diagram of its appearance.

The number of observations taken by others and myself in the
squadron were about one hundred and fifty reliable ones. For some
of these I am indebted to members of the Scientific Corps, and par-
ticularly to Professor James D. Da.na, the Geologist of the Expedl-
tion.

The first time we passed through the tropics, our observations were
few, the weather being unfavorable, and the sky, for the greater part
of the time, obscured. The phenomenon, though -often seen, was illy
defined, and afforded no‘well-marked outline -of its extent or appear-
ance. Its central line was seen to correspond with the ‘ecliptic, and it
was observed to change its phase and azimuth on each successive ob-

# This paper on the Zodiacal Light has been prepared for several years as a part
of the results of the Exploring Expedition to the South Seas. Its publication has
been delayed until the volume of which it forms a part was printed by the govern-
ment. The delay has placed within my reach many observations which have been
made siuce, all of .which have tended to confirm me in the belicf that the éxplana-
tion I offer for this phenomenon, which has so long interested astronomers, is the
true and only one which will meet all the facts derived from observations.
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servation as we passed rapidly to the southward. Afterwards, on our
various routes durjng the voyage through the low latitudes, we were
more fortunate, and very many opportunities were offered of making
observations, which we endeavored to improve. Nevertheless, I re-
gretted the loss of thd first opportunities. Had the observations been
continuous, I should be enabled to compare advantageously its extent,
outline, and phases with the observations as we returned in an oppo-
site direction; notwithstanding, I feel satisfied that I have obtained suf-
ficient data to throw much light on this phenomenon — enough, I trust,
to disprove the theories heretofore advanced respecting it, and to ex-
plain satisfactorily its cause.

All the observations made on the Zodiacal Light, since it first at-
tracted attention (nearly two centuries ago), prove that its phases and
general appearance have not changed.

The theories which have been entertained of the Zodiacal Light
have been varions. Some derive it from the atmosphere of the sun;
that it is illuminated matter thrown off from his equator, revolving with
immense velocity, which takes a lenticular shape; others, that it is a
nebulous ring, with the sun for its centre, extending near to or beyond
the earth’s orbit; and again, another hypothesis supposes that this neb-
ulous ring has the earth for its centre; and others again surmise that
this phenomenon is nebulous matter floating in space, to which the
periodical showers of stars may be traced, as the earth happens in its
orbitto pass through or encounter them. It seems impossible to
reconcile any of these hypotheses or surmises with the facts which
close observation has developed.

The theories referred to fail to satisfy us of their eotmctneas, as they
are soon perceived to be inconsistent with the facts. It would be un-
necessary here to enter into auny discussion of the subject of either of
them ; that which has been of late offered by one who has been so
persevering and continuous an observer, has been so effectually dis-
proved by the able pen of the President of the University of Alabama,
in his discussion of the hypothesis * advanced, that I need add nothing
further. I have carefully examined these observations; and I lend a
hearty acknowledgment to the industry and constancy which the ob-
server (Rev. Mr. Jones) has evinced, but I can see nothing which

# See Journal of Science and Avts, Second Series, Vol. XXI., March, 1856,
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will sanction the adoption of his theory. Although he set out to avoid
any bias toward old theories, he seems tenaciously to have clung to
the ring theory. I feel much gratified to have so many proofs as his
observations offer of the accuracy of those made on the Expedition.
I have used a different projection of the phenomenon, and I think
Mr. Jones may have been led into a misconception of it by projecting
the Zodiacal Light always on the ecliptic, which does not present the
phenomenon naturally to the eye, or as seen; if he had projected it
on the great circles, passing.through the vertical and the horizon, many
of the appearances which seem to have puzzled him would have been
easily accounted for, and must have led him to a different resalt.

I will endeavor to describe and illustrate this phenomenon, as de-
rived from oyr observations, as well as those of others.

The Zodiacal Light, when first visible on a clear horizon, appears as
a semicircular are, with 6° to 10° base, well defined and distinct to the
eye, though probably no two persons would trace the same outline of
it, unless accustomed to make the observation. As darkness pro-
gresses, this semicircular arc elongates upwards in successive altitudes,
sometimes to the altitude of 60°. When it has attained its highest
point, the diffused. light becomes visible, extending on each side over
a large area, until lost in the obscurity of night. It is totally different
from the extended light of sunset, or the diffused light of twilight.
‘When it becomes visible, it continues so, gradually lessening in height,
until the whole is lost beneath the horizon. Its apex is always ob-
served in the ecliptic, to the east or west of the sun, usually at the dis--
tance of 60° to 80°, but at times, under favorable circumstances, it
is seen to extend as far as 110°,

The evening and morning Zodiacal Light in the same latitude do-

not correspond in phase or azimuth. This, though among the remark-
able facts it exhibits, has never yet been taken into consideration in
any of the theories hitherto offered. Its peculiar phase and the
constant change of azimuth and inclination, whether the observer
remains stationary for any time, or varies his position in latitude,
should satisfy every one that it cannot be far removed from the earth.
‘When an observer is stationary, these changes take place very slowly,
and it may be said to alter its phase very little during a Iunation, or
whilst it is visible in high latitudes ; but a longer period, more atten-
tive and closer ‘observaﬁon,'wilé satisfy every observer that its varia-
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tions in azimuth correspond to the angular changes of the plane of the
ecliptic with the observer’s horizon, or with the vertical circle passing
through his zenith. Its phases will be seen to be dependent upon the
latitude. The vividness of the light, and its extent, are in like man-

EveningLat. 35" Seush

Moy $ar 57 Nerth

ner to be ascribed to the observer’s posi-
tion on the earth. Within the tropics,
and when the ecliptic is perpendicular to
the horizon, the Zodiacal Light is confined
to a slender column, having its diffused
light widely extended. Without the trop-
ics, it is always seen very much inclined
to the horizon. It then assumes the ap-
pearance of a cone, cut more or less ob-
liquely by the horizon. It attains its
greatest altitude in the first of these posi-
tions, when it not unfrequently may be
traced to the zenith. In order to make
these remarks fully evident to the reader,
the annexed diagrams show the appear-
ance of the morning and evening Zodia-
cal Light, on the same day, in correspond-
ing north and south latitudes, though not
on the same meridian. It will be seen
that the cones are more or less inclined,
and in opposite directions; this is owing
to the observations being made under a
different angle with the ecliptic. Corre-
sponding observations on the same day,
équally removed from the equator, and on
the same meridian, could not be obtained.
These diagrams prove most conclusively
that it must be the same object, seen from
positions to the north and south of the
ecliptic, and that the phenomenon must
have its locality within the tropics. They
mark the characters which have been so

frequently noticed, but have failed to claim attention in the formation

of theories.

. The accompanying plate shows true representations of the morning
and evening Zodiacal Light, within the tropics, and in north and south
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latitudes, though under different meridians, with the diffused light,
which is at times of greater extent than at others.

The Zodiacal Light is not.perceptible till the twilight ceases. This,
however, gives a very indefinite idea of the time when it is first seen
after sunset, to those situated on different parts of the earth’s surface.
To an observer within the tropics, there is but a short twilight, and
darkness follows soon after the sun sets or dips below the horizon, in-
dicating that there is little reflected light within the tropics, to produce
twilight ; or, otherwise expressed, the rays of light do not fall suffi-
ciently oblique on the atmosphere to produce twilight. This is more
evident when the observer’s situation corresponds with the plane of
the ecliptic; there night énsues immediately, and the sun’s rays appear -
to be cut off, and not reflected. Althoygh the Zodiacal Light has a
higher elevation in the latitudes beyond the tropics, when the sun at-
tains his greatest declination, yet, owing to the long duration of twilight,
it is not so visible or distinct as when the twilight is shorter, or about
the time of the vernal and autumnal equinox.

The morning Zodiacal Light does not resemble that of the evening
either in color, phase, or inclination. Its color is of a cold, silvery
hue, instead of the warm golden or purplish tint of the evening. It
often shows in the morning, within the tropics, as a bright brush of
light —like a ray of the aurora, though without its vacillating or
transitory pulsations. The brush usually appears about two hours
and a half before daylight or sunrise. I have seen it reach the zenith,
its width being only one and & half or two degrees; it then spreads
rapidly, declines in height, until its altitude is between 50° and 60°,
when the diffused light extends along the horizon more than thirty de-
grees, and over the sky above. An hour and a half before the sun
rises, the brush of light sometimes changes its phase rapidly; then the
phenomenon becomes extremely beautiful, as if a gossamer veil hegl
been suddenly unfolded from it and stretched across the sky, until it
vanishes in thin air, and through which the stars of the smaller magni-
tudes are seen to twinkle quite distinetly.

Thus it will be seen that there is a great difference in the appear-
ance of the Zodiacal Light, under the effect of a retreating or approach-
ing sun. The tone of the light may easily be accounted for in the cool,
grayish tints of the morning atmosphere, while that of the evening pre-
serves the warmth of the closing day.
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The Zodiacal Light can never be mistaken for either dawn or twi-
light; the latter is the effect of reflected light, more diffused, constantly
changing, and never well defined. I have never observed any crepus-
cular rays fo accompany the morning or evening Zodiacal Light, nor
any reflection of the light on the opposite sky. It stands alone and
distinct. TIts central line is parailel to the ecliptic, a little to the north
or south of it, but more frequently it coincides with it. .

I have now given a general description of this phenomenon from
careful observations made upon it. In order that the facts derived
may be clearly understood, I shall repeat them in a condensed form,
before entering into an explanation of the phenomenon, derived from
our observations and my investigation. The reader is referred to the
diagrams and plates for the appearance which the Zodiacal Light ex-
hibits, when seen from different situations on the earth.

1. The Zodiacal Light occupies a constant relative position in the
plane of the ecliptic, preceding or following the sun.

2. Its central line is parallel with or coincides with the ecliptic.

8. 'Its apex varies in distance, 60° to 110°, from the sun. Its height
above the horizon seldom exceeds 60°.

4. TIts azimuth changes with the sun and with the observer's posi-
tion on the earth.

5. Tts inclination alters with the position of the observer in latitude,
from the vertical down to an acute angle with the horizon.

6. The morning and evening Zodiacal Light are different in phase,
color, altitude, and inclination, depending upon the angle subtended
between the observer’s horizon and the plane of the ecliptic.

7. Its apex lies always soufA of the zenith when the observer is
north of the ecliptic, and north of the zenith when he is to the south
of the ecliptic.
¢ 8. When the ecliptic passes through the zenith of the observer, the
column of light is vertical to the horizon ; it then assumes the appear-
ance of a narrow belt, with a well-defined apex.

9. North or south of the ecliptic, the Zodiacal Light exhibits &
broader phase, but less in altitade than when under it.

10. The Zodiacal Light is never seen until the sun has set, and twi-
light ended, or until all reflected light is cut off; therefors, its visibility
in high latitudes depends upon the continuance of twilight.

11. Owing to the length of twilight, the Zodiacal Light is seldom
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seen near the limiting parallel. The limiting parallels vary with the
sun’s declination.

12. The sun’s rays falling perpendicularly on the atmosphere within
the tropics are not reflected ; consequently, after sunset, there is little
or no twilight.

These facts go to prove that this phenomenon is the result of the
illumination of that portion or section of the earth’s atmosphere on
which the rays of the sun fall perpendicularly.

It will readily be conceived that rays of light will illuminate a col-
umn or portion of atmosphere on which they may fall, when no re-
flected or diffused light interferes to prevent its being visible. As a
well-known illustration, I would cite, that if the direct rays of the sun
are admitted through a hole in a shutter into a darkened room, the at-
mosphere, and the particles floating in it, become as visible and distinet,
when all reflected light is cut off, as any well-defined object. It is this
which we believe takes place, when the rays of the sun fall perpendic-
ularly on our atmosphere and produce such an effect, which becomes
visible on the earth’s surface when this column is above the horizon,
within the limiting parallels, and after the twilight has ceased.

The whole earth is constantly exposed to and revolves in the sun’s
rays. A part of these rays only fall perpendicularly on our atmos-
phere, while all others ‘strike it obliquely, are reflected and refracted
by it. As the earth revolves, this column or section of the atmosphere
which lies in the ecliptic or earth’s orbit becomes illuminated in succes-
sion, as marked on the diagram, and thus appears permanently attend-
ant on the su, either preceding or following him in the ecliptic, and it
is this section or cone which is visible when all reflected light is cut off,
or.darkness reigns, and has been named the Zodiacal Light.

This theory seems to account for all the phenomena which the Zodi-
acal Light exhibits. In order better to explain our meaning, we refer
to the following diagram to illustrate it, wherein .S represents the sun’s
rays; K, the earth and its atmosphere; a, the rays which fall perpen-
dicularly on the atmosphere in the plane of the ecliptic; and a, the
zone on which they fall as the earth revolves; b ¥,c ¢, dd,and e ¢,
the rational horizons of observers at different positions on the earth’s
surface.” It is evident that the illuminated rays will be vertical to an
observer when the horizon is 4 ¥. To an observer whose horizon is
¢ ¢, these rays will be & section which ig cut obliquely by the horizon,

8 »
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and it will appear to be more inclined the further that observer’s dis-
tance is removed from the equator, or his latitude increases, until it
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becomes invisible at the limiting parallel. To an observer whose hori-
zon is at d d’, this column of illuminated rays will appear the same,
though inclined in the opposite direction; and it will be lost sight of
when the limiting parallel on that side is reached. To an observer
whose horizon is ¢ ¢, it is impossible that any part of the column of
illuminated rays forming the Zodiacal Light can be seen, but it will
readily be perceived that a faint illumination may take place of a small
portion of the atmosphere lying beyond the earth’s shadow, at £ f', 8o
a8 to produce the “glimmer of eastern light,” called by the German
writers “ Gegenschien,” which, it is evident by the diagram, cannot in
any way be connected with or caused by the Zodiscal Light.

To observers whose horizons are represented in the diagram, the
morning and evening Zodiacal Light must have a different phase and
inclination; the observer’s position with the ecliptic being changed
materially by the rotation of the earth, so as to alter the angle between
that circle and the horizon, and this will always be the case, unless he
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is situated on the part of the earth’s surface where the days and nights
are equal, or where the angle between the ecliptic and horizon re-
mains the same to the observer after the earth has made a half revolu-
tion. When an observer is sitnated immediately within the perpendic-
ular rays, or on the plane of the ecliptic, and whose horizon is at & ¥,
the phenomenon will appear as a belt, or narrow strip, or column of
light, and will apparently be seen to attain a higher altitude., But to
those with the horizon at ¢ ¢/, d d', north or south, these illuminated
rays will no longer appear as a belt, but take the form of a cone, pro-
duced from the rarefied or upper atmosphere being less susceptible of
illumination than the lower, and by the effect of a column seen in per-
spective ; and as the angle between the ecliptic and horizon changes,
the cone must become more and more oblique. This, our observations
have satisfied us, is the case.

‘We know the azimuthal angle of this belt or cone changes with the
declination of the sun or the observer’s position, and is so great as to
_ satisfy us that the phenomenon cannot be far removed from our earth,
but must be closely eonnected with the atmivsphere.

As this column or cone of illuminated atmosphere has apparently a
visible extent in the heavens, along or parallel with the ecliptic, both
preceding and following the sum, it has, naturally enough, produced
the delusion that it belongs to, or is connected with, the heavens ; but it
will readily be seen, after a moment’s reflection, how this illusion may
take place, and will satisfy us that this phenomenon, as seen projected
in the heavens, with the starry host twinkling through it, may produce
the same effect ; and we are only able to overcome this ocular decep-
tion by proving, as we have done by attentive and close observation,
that it is of this earth, or closely connected with it, from its constantly
undergoing great changes in azimuth, phase, inclination, and altitude,
as well to a stationary observer as to one who.is passing over the
earth’s surface from north to routh, and vice versa. If it were distant,
or had its origin in the heavens, this would not be the case; these
rapid changes could not then take place: therefore, we are compelled
to admit that we are deceived, and that its loeality must be in the at-
mosphere surrounding this globe, and be an illuminated section of it
which becomes visible to us as soon as twilight ceases or darkness en-
sues. That it lies between us and the Milky Way is evident, for when
bright it nearly eclipses that starry nebule. Indeed, the whole phe-
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nomena accompanying the Zodiacal Light are fully accounted for by
this simple theory, and strictly in accordance with all the observations
made upon it, up to the present time.

Now it may be understood how all bodies giving sufficient light to
illuminate the atmosphere by perpendicular rays may produce an effect
- similar to the Zodiacal Light, though -in a much less degree. I have
seen a cqrresponding appearance to accompany the moon and the larger
planets, after they have set.

The phases of the Zodiacal Light are generally more visible in the
absence of the moon, but I have several times observed them before
dawn, when they were too bright to be eclipsed by that luminary. As
a general rule, the observations are limited to the first and last quar-
ters, those of the morning being visible in the former, and those of the
evening in the latter.

It has been remarked above, that it is impossible to see the Zodiacal
Light at midnight, the observer’s horizon being e ¢, but there are rays
of light passing over and under the observers position, which afford a
feeble illumination to the atmosphere beyond the earth’s shadow, at
JSf', which may be seen. From this effect, we frequently experience
nights less dark ; and there aré positions in the earth’s orbit where this
result will be greater and more apparent; and, as remarked before,
may have produced those appearances to which the German writers
have repeatedly called attention, and led the-author of the Japan Ex-
pedition to the belief, that they were produced by the morning and
evening Zodiacal Lights, visible at the same moment.
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III. PHYSICS AND CHEMISTRY.

1. PRELIMINARY RESEARCHES ON THE ALLEGED INFLUENCE OF
Sorar LicHT ON THE ProCESs oF ComMBUsTION. By PROF.
JouN LecoNnTE, M. D., of Columbia, South Carolina.

A popULAR opinion has long prevailed in England, and, perhaps, in
other countries, that the admission of the light of the sun to an ordi-
pary fire tends to retard the process of combustion. In some instan-
ces, the practice of placing screens hefore the fireplace, or of closing
the shutters of the apartment, may be traced to the prevalent belief,
that the access of sunlight to the burning materials is unfavorable to
the continuance of the phenomenon of combustion. Most physical
philosophers, very naturally, regard this opinion as & mere popular
prejudice ; probably originating in the well-known apparent dulling or
obscuration of flames and of solid bodies in a state of ignition, which
takes place when they are exposed to strong light. The flame of a
jet of burning hydrogen is scarcely visible in the diffused light of a
clear day ; that of an ordinary alcohol lamp is barely appreciable to
the eye when exposed to the direet sunehine ; while a portion of ig~
nited chareoal, which glows in the dark, appears to be extinguished
when placed in the sunlight. These familiar phenomens, attributable
to well established physico-physiological laws, seem to afford a much
more rational explanation of the origin of the popular opinion, than to
suppose it to be based upon accurate observations relating to the actual
rapidity of burning. About 82 years ago, Dr. Thomas M'Keever
published a series of experiments in the “ Annals of Philosophy,”*
which seemed to show that there is a real foundation for the popular
impression, and that solar light does actually retard the process of
combustion. So far as I am aware, these remarkable experiments
have never been repeated. Leopold Gmelin, in his ¢ Hand-Book. of
Chemistry,” t announces Dr. M'Keever’s results without comment.

* Annals of Philosophy, New Series, vol. 10, p. 344. Nov. 1825,
t Leopold Gmelin’s Hand-Book of Chemistry (Cavendish Society’s Translation),
vol. 2, p. 35. London, 1849. A contemporary journal, in noticing these results,
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The important bearing which they appear to have on the influence of
solar light on chemical processes, as well as on the modern dynamical
theory of the mutual - convertibility of the so-called imponderables,
induced me, during the months of May and June last, to undertake a
series of experiments, with the view of testing the validity of Dr.
M’Keever’s conclusions. The subjoined table will exhibit his results
in a convenient form for future use.

Exrr. Gsni Wax TAPER LOST IN 6 MINUTES. Rarro.
i In dark, temp. 67° F. In sunshine, temp. 78° F.
1 9.25 grains. 8.5 grains. 1:1.088

TAPER LOSY, BY BURNING 7 MINUTES IN

Dark, temp. 67° F. Sunshine, temp. 78 F.
2 11 grains. 10 grains. .| 1:1.100

MouLp OAxpLS, TO CONSUMR 1 INOH, YOOK, IN

Dark, temp. 68 F. Sunshine, temp. 80° F.

3 56m 0= 59m Qe 1:1.053

TAPER, T0 CONSUME 1 INCH, TOOK, IN

Dark, temp. 67° F. Sunshine, temp. 790 F.

4 4m 300 5m Qs 1:1.111

TAPER, IN SUNSHINE, L0SY, IN 10 aanutes,
. In painted lantern, In uncoated lansern,
5 16.5 grains. 15 grains. 1:1.100

A sizth experiment of a similar character, made in strong moon-
Uight, indicated no such diminution in the rate of consumption. The
conclusion to which Dr, M'Keever came, was, that solar light does
exereise a positive retarding influence on, the process of combustion.

remarks : “It has always been considered a vulgar error, that the sun’s light extin-
guishes a fire; but the following experiments by Dr. McKeever put the matter be-
yond & doubt.” (Brewster’s Edin. Journal of Science, vol. 5, p. 180.—1826.)
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He supposes this effect to be owing to the well-known influence of the
solar rays on many chemical processes ; in some instances accelerating
them, but in others, retarding them. TUnder this point of view, the
chemieal rays may be supposed to exercise a deozidizing power, which,
to some extent, interferes with the rapid oxidation of the combustible
matter. In confirmation of this opinion, Dr. M'Keever made an exper-
iment, which appears to indicate, that a taper burns more rapidly in
the red than in the violet extremity of the solar spectrum.

In attempting a repetition of Dr. M’Keever's experiments, I found
it impossible to secure that freedom from agitation in the atmosphere,
during the exposure of the burning body to the influence of sunshine
in the open air, which such an investigation demanded. This was his
method of conducting the firs¢ four experiments given in our table.
The powerful influence exercised by comparatively slight disturbances
in the air, on the rapidity of combustion, renders attention to this cir-
cumstance of controlling importance. His method of obviating this
difficulty by the use of lanterns (as indicated by experiment 5) is
objectionable, from the impossibility of securing precisely identical
conditions in relation to the supply of air in the interior. There were,
likewise, other considerations which urged me to modify his method of
conducting the investigation. It occurred to me, that,as in his experi-
ments the temperature of the air which supplied oxygen for combus-
tion in the sunshine was about 12° Fahr. above that in the darkened
room, the rarefaction produced by heat might exercise some influence
in retarding the rate of burning in the sunlight.

In conducting my experiments, I endeavored to secure two condt-
tions ; namely,

1. Absolute calmmess in the atmosphere.

2. Exposure of the flame to the influence of intense solar light, witk-
out heating the surrounding air.

The first condition was secured by performing all of the experiments
in a large lecture-room, with all the doors and windows closed. To
secure the second condition, I employed a portion of the apparatus be-
longing to a large solar microscope, consisting of the reflecting mirror,
the condensing lens and tube, together with the mechanical arrange-
ments for adjusting the direction of the light. As the condensing lens
was upwards of four inches in diameter, I hoped to exaggerate enor-
mously whatever effect the light might exert, by concentrating it on a
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comparatively small area. Inasmuch as- the aperture in the window
through which the light was admitted was completely closed by this
arrangement, the exterior agitations of the atmosphere were not felt in
the room; while the pencil of light, thus thrown on the flame, traversed
it, as well as the sarrounding air, wsthout smparting & sensible amount
of heat to the latter.

T used the hest waz-candles (as they are called in tbe shops), Jour to
the pound, costing about fifteen ocents apiece.* By allowing them to
burn a sufficient length of time to form a well-defined cup for the meited
wax, and carefully turning the wicks, s0-as to render them self-snuffing,
the combustion was found to go on with remarkable uniformity in a
calm atmosphere, The rate of burning was determined in the follow-
ing manner : A portion of candle; three or four inches in length, was
gecured to the bottom of one of the scale-pans of a tall balance, and
ignited ; after allowing it to burn for ten or fifteen minutes, so as to
secure a steady flame of constant size, it was nearly balanced by adding
weights to the opposite scale-pan, allowing a slight preponderance ta
the candle-pan. In a shert time the equilibrium was established by
the burning of the candle ; the precise time at which the balance indi-
cated a condition of equilibrium was aecurately noled. Next, a given
weight (eay sixty or one hundred grains), was withdrawn from the
weight-pan, and the t¥me of restoring the equilibrium by the loss of
weight in the burning candle was, in like manper, recorded. In this
manner, the rate of combustion was determined by observing the time
occupied in consuming a given weight of the burning matter. The
arrangements described above enabled me to perform such experiments
alternately in the darkened room and in the concentrated sunbeam,
without moving any portion of the apparatus in the'room, and under
external conditions as nearly identical as could be desired. Many pre-
liminary experiments were made for the purpose of testing the delicacy
of the arrangements, which very soon convinced me that no reliable

* From the close approximation to identity in the rate of consumption, it is prob-
able that these are the same as Dr. Ure’s “genuine wax-candles.” He found the
consumption to be, ““ upon an average of many experiments, 125 grains per hour.”
(Dict. of Arts, Mannf. et Mines, 4th Ed. Article, * Illumination, Cost of.”) My
experiments give respectively 136.7, 125.4, and 124.7 grains per hour. Other kinds
of candles burn at a much more rapid rate.
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results could be obtained unless the air was calm ; and also, unless the
candle was allowed to burn a sufficient length of time to establish regu-
larity in the process of combustion. The days selected for the experi-
‘ments were perfectly cloudless. The state of the barometer and ther-
mometer was carefully noted. I nowregret that I neglected to record
the hygrometric condition of the air. The cone of sunlight was so di-
rected that its lower margin illaminated the charred portion of the wick
of the candle, while the upper boundary of the pencil traversed the flame
near its apex. The following table presents the result furnished by
three sets of experiments performed on as many separate days:—*

Tnez or Consvming | Amounr CoNsuMED IN
Dars, |BAR. Rv'en Txue. o Am) 60 Gaains. - 10 Mmuzsa, Drre.
" | ro82F. FaHR. Ges.

Dark. | Sunlight. [ Dark. | Sunlight.

May 9. 29.92 879 | 26m 94¢ | 26m 15+ | 22.73 grs.!29.86 grs.|—0.18
June 6.| 29.73 7505 | 98m 394 | 28m 450 | 2094 * |20.87 “ {40.07
“ 10, 29.62 840 28m 550 [ 28m 51¢ 12075 ¢ [20.80 « [—0.05

It will be obeerved, that these experiments indicate 5o sensidle differ-
ence in the rate of combustion of the candle in the darkened room, and
in the same apartment, with & pencil of concentrated sunlight directed
on the flame; provided, the comparison is.restricted to the results

- % The difficulty of keeping the pencil of solar light properly directed on a flame
of variable altitnde, indaced me to try a “ Burning-Fluid ” lamp, having a short
cylindrical reservoir, furmshed with two wicks. The following results were ob-
tained : —

I Duate. Bar. Temp. Amount Consumed in 10 Minates.

June 3d | 29.72 | 74°F. Dark = 40.82 grains. Sun = 40.00 grains.

« 4th! 29.78 | 750 ¢ “ —=4095 ¢ “« —=3948
13 [ ({4 (g (3 “« = 38‘34 (3
y . " o [} a“* " - 37.52 (3

‘The progressive decrease in the rate of combustion, as indicated by the experi -
ments of the 4th of June, shows that the variatious in the Aeight of the liquid are suf-
ficient to vitiate the results obtained from burning any fluid material.

9
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obtained on any given day. In two instances there was a slight excess
in the rate of burning in the sunskine; and in the other, the excess was
in favor of the dark; but the differences are probably within the limits
of the experimental inaccuracies incident to such delicate investigations.

These negative results are the more striking from the fact that, if
solar light exercised the decided influence on the process of combus-
tion which Dr. McKeever’s experiments seem to indicate, we shoald
expect the effects to be much more marked and conspicuous, when the
light was increased in intensity from eight to tenfdld by the concentra-
tion of a lens. The fact that the rays of the sun traversed the glass
lens before they fell on the flame can scarcely be urged as a possible
explanation of the discrepancy; for Dr. M’Keever obtained analogous
results when he employed lanterns (vide Exp’t No. 5).

The obvious variation in the rapidity of combustion on different
days (as exhibited in my experiments) Mllustrates in a most striking
manner the decided influence exercised on the process, by compara-
tively slight alterations in the external conditions. This fact should
inspire us with wholesome caution, and check the spitit of rash gener-
‘alization. Throwing out of consideration the possible fluetuations in
the rate of burning, arising from the want of homogeneity in the com-
bustible materials and imperfections in the mechanical arrangements by
which they are consumed, there are three external-eonditions which
may be supposed to exercise more or less inflaence on the rapidity of
the process. These are, first, Barometric Pressure ; second, Tempera-
ture of the Air; and tAird, Amount of Aqueous Vapor present. I
propose to consider each of these separately.

1. Barométric Pressure.

From & prioré considerations, we should be led to expect that an

- increase of barometric pressure, through the consequent condensation
of the air, would, ceteris paribus, tend to augment the rapidity of com-
bustion by furnishing the burning matter with a greater amount of
oxygen in a given volume. Unfortunately, direct experiments are

* 'wanting to test this in as satisfactory a manner as we should desire.
The older experiments in the Boylean vacuum, inasmuch as they relate
to the degree of rarefaction at which combustion ceased, do not give us
information in regard to the rapidity of the process at the various
stages of exhaustion. The same remark applies to the later experi-
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ments of Grotthuss, as well as to the admirable « Researches” of Sir
Humphrey Davy on the ¢ Effects of Rarefaction, by partly removing
the Pressure of the Atmosphere upon Flame and Explosion.”* The
experimenta of the latter show that rarefaction produces striking alter-

-ations in the size and character of the flame, but do not touch the
question of the relative rafe of burning under different pressures; they
test the comparative combustibility of different bodies, rather than the
rapidity of consumption of a given body under various degrees of rare-
faction. Nevertheless, Davy informs us that he determined from act-
ual experiment that the amount of Aeat developed in & given time by
combustion is slowly diminished by rarefaction, “ the diminution of the
oooling power of the nitrogen being apparently in a higher ratio than
the diminution of the heating powers of the burning bodies.” Speak-
ing of the phenomena of combustion in condensed air, he says: “I as-
certained, however, that both the light and keat of the flames of the
taper, of sulphur and hydrogen, were increased by acting on them by
air condensed four times; but not more than they would have been by
an addition of one fifth of oxygen.” .Again, he says: “ But by com-
pression, thesre can be no doubt, the heat of flames from pure support-
ers and combustible matter may be greatly increased, probably in the
ratio of their compression.” " In the case of air, he does not think the
effeet would be so great. Inasmuch as the quantity of heat developed
in a giver time by the burning of a given substance is known to be a
measure of the amount of matter undergoing oxidation, we are justi-
fied in the inference, that the foregoing results of Sir H. Davy’s ex-
periments show that the rate of combustion was retarded by the rare-
faction, and accelerated by the condensation of the air.

The most satisfactory resalts in relation to the influence of condensed
asr on the process of combustion are those incidentally furnished about
sixteen years ago, by M. Triger, a French civil engineer, during the
operations necessary for working a bed of coal lying under the allu-
vium bordering the river Loire, near Languin, in the department of
Maine-et-Losre. In traversing an overlying stratum of quicksand, from
fifty-nine to sixty-five and a.half feet thick, he found it requisite to

2

# Vide Davy’s “ Researches on Flame,” Phil. Trans. for 1817, p. 45, et seq.
Also, Works of Sir H. Davy, edited by Dr. John Davy, Yol. VL p. 51, et soq.,
London, 1840
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devise some means of excluding the semi-fluid guicksand and water,
which found their way under every arrangement analogous to ordinary
coffer-dams, in such quantity as to defy all pamping operations intended
to keep them dry. For this purpose, M. Triger employed large sheet-
iron cylinders, about 8.89 feet in interior diameter, seeurely closed at
the top, in which— by means of a condensing pump, incessantly
worked by a steam-engine — air was condensed to an amount sufficient
to counteract the external hydrostatic pressure. The ingenious con-
trivance fully justified the expectations of the engineer; but the work-
men were thus compelled to labor in air condensed under a pressure of
about three atmospheres. :Among other curious results of this state of
things noticed by M. Triger were the remarkable effects of condensed
air on combustion. Much annoyance was at first experienced from the
rapid combustion of the candles, which was only obviated by substitut-
ing flax for cotton threads in the wicks.* Similar phenomena were
observed, a few years ago, by the engineers of the Wilmington and
Manchester Railway, who employed analogous apparatus for securing
the foundations for the piers of the railroad bridge across the Great
Pee Dee river, in South Carolina. So far as I have been able to as-
certain, the results manifested in this case were identical with those
recorded by M. Triger, and afford a most striking confirmation of the
influence of condensed air in accelerating the process of combustion.
On the other hand, facts are not wanting to prove, that combusation
is retarded at considerable elevations above the ocean, where the air is
rarefied by diminished pressure. In a letter recently communicated to
the Royal Society of London, from J. Mitchell, Esq., Quartermaster
of Artillery at Bangalore, India, “On the Influence of Local Altitude
on the Burning of Fuses of Shells,” this officer shows, that there was
8 progressive retardation of the rate of combustion of the fuses, at alti-
tudes of 3,000, 6,500, and 7,300 feet, as contrasted with the rapidity

# Vide Comptés Rendus, Tome XIIT., p. 884, et seq., Paris, 1841. Also, An-
nales de Chimie et de Physique, 3d series, Tome III., p. 234, et seq., Paris, 1841.
The following are the words of M. Triger, “ Ala pression de trois atmosphires,
cette accélération devient telle que nous avons été obligés de renoncer aux chan-
delles & m2ches de coton pour les remplacer par des chandelles d mdches de fil. Les
premidres brolaient avec une telle rapedité, qu'elles duraient & peine un qm
d'’heure, et elles repnnduent en outre une famée intolérable.” .
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of burning at the artillery depdt yard. This difference Mr. Mitchell,
very rationally, attributes “to the rarity of the atmospheric air, and of
its constituent oxygen, at the higher stations.” * The following table,
in which I have reduced the barometric heights to the freezing point,
exhibits the mean results of his experimenta.

Heightin |  Bar.at 32° Average of Time of Burning 8 | No. of
T | Fabr. Temp. Fahr. inohes of Fuse. Rxp'te.
- 3
Depdt 29.610 89° 14.25 Seconds 6
3,000 ft. 26.755 820 15.78  « 5
6,600 “ |.. 23.951 . 8198 . 1710 = 3
7,300 22.979 5402 18.125 2

These experiments seem to have been made with great care ; all in
the presence of artillery officers, who were furnished with the most
accurate methods of measuring time. They amply prove the fact,
that combustion is retarded at considerable elevations.

- Thus & variety of well-established facts concur in fortifying the con-
clusions to which we are led by & priori reasoning ; namely, that the
process of combustion is retarded by diminution of the density of the
air, while it is accelerated by its condensation. It has long been a
matter of common observation, that ordinary wood fires burn more
freely when the barometer is high; but Mr. Marcus Bull and others
maintain,f that this result is not owing to the augmented density of the
air, but to the greater dryness' of the atmosphere. The facts brought
forward in this paper are strongly opposed to this explanation; for,
there are not the slightest grounds for supposing, that there was less
than the ordinary amount of aqueous vapor present in the condensing
eylinders of M. Triger;-or more than the usual quantity mixed with
the air at the elevated stations in India. On the contrary, pbysxml
considerations lead us to precisely opposite conclusions.

— ~t

# Philosophical Magazine, 4th Series, vol. 10, p. 48. July, 1855. Fuses burrt
without air ; but the rate of burning is influenced by atmospheric oxygen.
t Vide Trang. of Am. Philosophical Society, 2d Series, vol. 3, p. 55, 56. Phila-
delphia, 1830, ' .
N (9*)
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. 2. Temperature of the Asr. .

In relation to the influence of the temperature of the air on the rate
of combustion, our information is still more meagre. The experiments
of Grotthuss and Sir H. Davy on the “Effécts of Rarefaction by
Heat on Combustion and Explosion,” give contradietory resuits;* but,
as they relate exclusively to the influence of temperature on the iy~
nition of explosive mixyures of gases, they test its effects on'combusti-
bility, and are obviously inapplicable to the question under consideration.
The well-known effects of the “hot blast,” in increasing the temper-
ature of furnaces, cannot be applied as a test of the influence of warm
air on the rate of combustion, under ordinary circamstances, First,
because the air of the “hot blast” is mot in its natural state of den-
sity ; and, secondly, because the augmentation of temperature observed
in such cases, probably arises from its greater avaslability, growing out
of the fact, that less heat is carried off in the products of combustion ;
rather than an absolute increase in the rapidsty of burning.

In the absence of direct experimental evidence, it may be admissible
to apply general reasoning based upon well-known physical principles.
So far as an increase of temperature influences the density of the air,
it is sufficiently evident, that its effects must be equivalent to a dimi-
nution of barometric pressure ; and, consequently, must tend to retard
the process of combustion. Assuming the temperature of the flame to
be constant, it is likewise plain, that the draught created by it,—
depending, as it is known, on the difference of temperature between
the flame and that of the surrounding air, — must be diminisked in a
warm atmosphere ; and, therefore, also tend to retard the rate of com-
bustion, ceteris paribus, during hot seasons. But inasmuch as the
variations in the velocity of the draught are proportional to the square
roots of these differences of temperature, it is obvious that its effects
must be insignificant under ordinary fluctuations of atmospheric tem-
perature. For example, supposing the temperature of the flame to be
1,500° Fahr., then the ﬂuctuatnon of the draught between the temper—

" # Phil, Traus, for 1817, p. 83, ., ...
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ature of 80° and 60° Fahr., would be in the ratio of

v 1500 — 80 : /1500 — 60 = Y 1420 : y/ 1440, = 1:1.0070.
When, however, the comparison is made between bodies burning in
summer and in winter, the influence from this cause will be more sen-
sible, and ought not to be entirely overlooked.*

On the contrary, it.ia possible that an augmentation of temperature
might tend to accelerate the process of combustion, by favering the
liquefaction of the wax, and, perhaps, facilitating the oxidation of the
combustible matter. If any such influence is exercised, it is probable,
however, that its. effeot must be inappreciable under ordinary circum-
stances. Under this view of the subject, the only obvious influence
which atmospheric heat exercises on the rapidity of combustion is con-
nected with its effects on the density of the air; and that, consequently,
an increase of temperature should, ceteris paribus, retard combustion,
and vice versd. : ,

8. Amount of Aqueous Vapor present.

Sir Humphrey Davy found that “a very large quantity” of steam
was required to prevent sulphur from burning ; that an explosive mix-
ture of oxygen and hydrogen, when mixed with five times its volume of
steam, still exploded by the electric spark; and that a mixture of air .
and carburetted hydrogen gas required “a thi#d of stesm to prevent
its explosion, whereas one fifth of azote produced the effect.” ¥ Under
any point of view, it is obvious that the presence of aqueous vapor can
only tend to retard the process of combustion : first, because it dimin-
ishes the amount of oxygen in a given volume of air, and secondly,
because an admixture of any inactive gas tends to extinguish the burn-
ing body, as is abundantly proved by the experiments of Sir H. Davy
and others. When vapor is present in large quantities, there can be
no doubt of its controlling agency on combustion. This is illustrated
by the successful application of the plan proposed by M. Dujardin, of
Lille, in 1837, for extinguishing fires occurring in steamships, by per-

" # T endeavored to test the influence of temperature on the rate of combustion, by
placing the bumning candle over a large heated plate; but, as might have been
expected, the unsteadiness of the flame rendered the experiment unsasisfactory.

t Phil. Trans. for 1817, p. 65.
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mitting the steam from the boilers to escape into the apartment in-
which the combustion originates.* But experiments are still wanting
for determining its influence on the rate of burning, when existing in
the small quantities in which it is usually associated with the atmos-
phere.t The experimental researches of Mr. David Waldie, in rela-
tion to the mixture of various gases with air, led him to the general
law, that, “ of incombustible gases which remain -undecomposed, the
power of preventing combustion is in the order of their density ;” and
that “ this effect of density in cooling the flame depends on the exces-
sive diffusion of the flame in the denser gas.”} Under ordinary cir-
cumstances, the density of the aqueous vapor existing in the air is com-
paratively small, so that, according to Mr. Waldie's law, its influence
on combustion ought not to be very striking. It is very desirable that
this point should be subuitted to a more rigorous expenmental inves-
tigation.

Having discussed the probable influence of the three eztemal condi-
tions on the rate of combustion, we are, in a measure, prepared to in-
vestigate their adeguacy to explain the variations in the rapidity of
burning, as indicated by the experiments which I have brought for-
ward. In none of them have we the observations necessary for ascer~
taining the hygrometric condition of the atmosphere ; this must, there-
fore, be thrown out of consideration. In Dr. M'Keever's experiments
the barometric indications are not given ; neither is it known how many.
of them were performed on any one day. In my experiments, as well
as in those of Mr. Mitchell, we are furnished with the data requisite
for estimating the combined influence of pressure and temperature,
Assuming, with Sir H. Davy, that the rapidity of combustion is in the,
direct ratio of the density of the air, we may submit thesa two effects
to a quantitative estimation, by using Mariotte’s law and. Regnault’s
co-efficient of expansion for air. ‘ '

[N

* Comptes Rendus, Tome V., p. 28, Paris, 1837; also, Tome XXXYV., p. 368,
et 706. Paris, 1852.

t The curious results obtained by Mr. J. F. Dana, and subsequently by ‘Mr. Sam-
nel Morey, in relation to increasing the briyhtness of the flames of highly carbona<
ceous combustibles, by throwing a jet of steam into them, ave obviously imapplicalde
#0 candles (vide Silliman’s Journal, 1at series, Vol, I., p. 401 ; Vol. Ik, p 118, 133;
and Vol. VIL, p. 141).

$ Vide Philosophical Magazine, 3d series, Vol. XIII., p. 86 et seq. ,Augmt, 1838,
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1. Presuming that each set of experiments made by Dr. M'Keever,
alternately in the dark and in the sunshine, was performed on the
same day, anid therefore under sdentical barometric conditions, we may
form some estimate of the adequacy of femperature to account for the
difference in the rate of burning observed by him. The subjoined
table, which I have construeted from the data préviously given, will
place this in a clear light. ’

Tem Tem fa ten mintes lm&loof tRstlnofDon;’
) .l onnf Dep.
Bapertm'tt. P | Sans o B & Dack. | S & Dak

. jnDak. | inBun. 4 :

67°F, | 78°F, | 18.50 grs. | 17.00 gys.

No.1 1:1.088 1:1.021
“ 2 670 ¢« | 780 ¢ | 15,72 ¢ | 14.29 ¢ 1:1.100 1:1.021
“ 3 680 “« { 80° ¢ 1:1.058 1:1.023
“ 4 670 ¢ | 790 « 1:1.111 1:1.023

The remarkable discrepancies indicated by the numbers in the first
column of ratios afford a striking illustration of the existence of some
disturbing cause, tending to vitiate the accuracy of these experiments.
But a glance at the numbers contained in the two columns of ratios is
sufficient to show, that temperature alone is entirely snadequate to ac-
count for the diminished rate of combustion in the sunshine. A remark-
able difference is observed in the rate of consumption in experiments 1
and 2. No. 1 was made with & “ green wax taper,” and No. 2 with a
“taper;” but, as from the context, the second experiment appears to
be a repetition of the first, the presumption is, that the same kind of
taper was used in both cases. The rate of burning in experiments
Nos. 3 and 4 was determined by the #ime required to consume a given
length ; and as one of them was made with a mould candle, and the
other with a taper, no comparison can be extended to them, so far as
the rates of consumption in these two cases are concerned. The irreg-
ularities exhibited in-these results most probably arose from the agita-
tions of the atmosphere, which were incident to the method of exposing
the burning body to the sunshine in the open air. As the excess of
eonsumption in the dark varied from 5 to 11 per cent., whezeas the ex-
cess in the density. of the air was only 2.3 per.cent., it is evident that
some other cause than temperature must be evoked to explain the differ-
ence. : .
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2. In my experiments, the conditions were such as to eliminate the
effects of temperature on the results obtained in the dark and in the
sunshine on any given day; and it has been shown, that for each pair
of experiments thus conducted, the variations in rate of combustion do
not exceed the probable limits of experimental error. In this case,
therefore, the question to be determined is, whether the differences in
the rapidity of burning observed on different days can be explained by
the variations of the barometer and thermometer? For this purpose,
I shall take the average of each pair of experiments, as a nearer ap-
proximation to the correct rate of burning on each of the three days.
The following table, in which the relative densities of the air have been
calculated by combining the effects of barometric and thermometric
oscillations, will serve to illustrate this point : — *

Ratio of Consumption. Ratio of Density of Alr. Difference.
In Exp’ts 1 et 2 =1:1.0904 1:1.0230 -+ 6.74 per cent.
L% 2et3=1:1.0063 1:1.0198 —-1.30 « «
“ ¢« let3=1:1.0967 1:1.0428 + 539 « «

It will be seen, that the rate of combustion increases in a decidedly
‘higher ratio than the density of the air. If, therefore, we assume that
the rapidity of burning is, ceeteris paribus, in the direct ratio of the den-
gity of the air, it follows that some other agency must have codperated
in these cases,

3. The results of Mr. MitchelP’s experiments, at different altitudes,
may, in like manner, be subjected to a similar numerical test. The
subjoined table is constructed from the data contained in that which is
given on a previous page.

* In making these calculations I used the following formuls, based upon the two
well-known physical laws, that the densily of any permanent gas varies directly as
the compressing force, and inversely as the volume : —

b v
d:d':: 7 375,002096 (t— %) ° 1+ 0.002096 (¢ — 53) }
in which d and @” represent the densities ; b and b’ the darometric heights redaced to
the freezing point; and ¢ and ¢’ the temperatures on Fahrenheit’s scale. )
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Ratio of Rate of Burning. Ratio of Density of Alr. Difference.
l'n Exp'tslet2=1:1.1074 1:1.0926 - 1.48 per cent
“ 2et3=1:1.0836 1:1.0755 <+ 0.81 «
“ “  Jetd==1:1.0689 * 1:1.0870 <+ 349 « «
“ ¢« let3=1:1.2000 1:1.1751 + 249 « «
“« #  2et4=1:11486 1:1.1043 4441 ¢
“ ¢« letd==1;1.12719 1:1.2068 + 6,51 ¢« «

This comparison places in a still stronger light the fact, that the
augmentation in the rate of burning increases in a somewhat Aigher
vatio than the density of the air ; while, at the same time, it clearly
demonstrates the.controlling influence of aimospherie density on the
phenomenon of combustion. The extreme rates of burning are as the
numbers 100 to 127, while the corresponding densities of the air are
as 100 to 121, nearly ; in the other cases, the approximation to identity
in the ratios is still closer. Would the variations in the hygrometric
state of the atmosphere, — which we have left out of consideration,—
explain this discrepancy ? In the absence of the experiments necessary
for testing this question, it would be premature to hazard any conjec-
ture. I may remark, however, that in the case of Mr. Mitchell’s ex-
periments, the correction for the effects of aqueous vapor would, proba-
bly, in one potnt of view, operate in the wrong direction, and thus tend
to increase the discrepancy in the ratios. For, as the temperature was
decidedly higher at the lower stations, it is more than probable that the
tension of vapor was greater there than at the upper ones; and, conse-
quently, that its influence in retarding combustion should be relatively
greater at the points nearer the sea-level. This, of course, would tend
to cquahze the rates of burning at lower and higher altitudes, when no
correction is made for this cause. On the contrary, it is obvious that
the influence of vapor having a given tension, in altering the relative
amount of air in & given volume, must be greater when the barometer
is low. From this cause, the aqueous vapor at the upper stations
might have had a greater effect in retarding combustion, and thus tended
to exaggerate the difference in the rates of burning.

The comparatively large rate of consumption indicated by my first
experiment of the 9th of May, (being more than 9 per cent. above the
others,) was most probably attributable to a combination of causes.
All of the three external conditions concurred in accelerating the pro-
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cess. The barometer was Aigh, the temperature low, and the atmos-
phere excessively dry. The last-mentioned vondition was accidentally
forced upon my attention, from the fact, that on that day I failed in an
experiment for determining the dew-pomt by means of Daniell’s hy-
grometer.*

From the foregoing discussion it is evident, that the subject demnnds
a thorough experimental investigation, with a minute attention to all of
the external conditions which may influence the results. This I pro-
pose to undertake during the next twelve montbs. "In the mean time,
it is hoped, that these prelimingry researches may prepare the way for
a clearer appreciation of the difficulties which are to be encountered.

* Collaterally related to this subject are the effects of condensed and nreﬂed air
and of temperature, on the process of respiration and the elimination of carbonic acid,
in men and other warm-blooded animals. - M. Legallois found, thit wWhen warm-
blooded animals breathed air under pressure, reduced to 11.811 inches, the amount
of oxygen consumed.was diminished. (Ann. de Chimie et de Phys., Tome 4, p.
113. 1817.) ‘M. Theodore Junod’s experiments show, that condensed air prodaced
deep inspirations and an agreeable glow throughout the system ; while rarefied air
had an opposite effect. (Archives Générales de Médecine, 2d Series, Tome 9, p.
157. Paris, 1835. Also Magendie’s Report on the same Memoir, Comptes Readus,
Tome 1, p. 60. Paris, 1835.) The observations of M. Triger, already referred to,
indicate analogous effects on those who labored in the condensed air. They could
do double work without fatigue; and even old asthmatics seemed to recover their
vigor. (Comptes Rendus, Tome 13, p. 884 et seq. Paris, 1841.) M. Vierords
tested the effects of barometric preseure between 29.309 and 30.197 inches. The
average rise of 0.5036 of an inch,

Increased the air expu'ed 35.746 cub. inches per minute.
“ ¢« No. of respirations 0.74 . <«
« l“ o« Pm ‘ m “@§ «

Dr. Hutchinson found, that in a mine 1,488 feet deep, where the pressure was
1.64 inches movre than at the sea-level, the respiratior was tncreased 2.4 per minute,
‘and the pulse 1.3 per minute. (Cyc. of Anat. et Physiol. Art. Respiration, vol. 4,
p- 348, 349. London, 1852.) :

Analogous effects are produced by temperature. In the famous experiments of
Séguin and Lavoisier, at 82° Fahr., the former (fasting and at rest) consumed
1,210 French cubic inches of oxygen per hour; whereas, at 57°, he consumed
1,344 cubic inches per hour. (Mémoires de ’Acad. Royale, for 1789.) Dr. Craw-
ford found, that a Guinea pig, at 55°.5 F., abstracted fwice s much oxygen from
the air as at 104° F. (Expts. et Obs. on Animal Heat, 2d ed. p. 311-315. Lon-
don, 1788.) Dr. W. F. Edwards found that birds consume more oxygen in winter
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Perhaps, however, in the present stage, we may be warranted in dedu

ging fwo conclusions : FirsT, That solar Hght does not seem to exercise
any sengible influence on the process of combustion; and, SECONDLY,
that variations in the densily of the asr do exert a striking effect in
retarding or accelerating the rapidity of the process; the rate of burn-
ing augmenting with every increment of density, and vice versa; hut
the exact ratio between them remains to be determined.

i'hnn in summer. (De I’Influence des Agens Physiques, sur la Vie, chap. 6, p. 195.
Paris, 1824.) The best éxperiments are those of M. Vierordt. (Op. cit. supra.)
He obtained the following results between 37°.4 and 75°.2 F. : —

Av. Temp. { Av. Temp.
wau | Temr | M
Pulse per minute 72.93 71.29 1.64
Respiration “« w 12.16 11.57 | 059
Vol airexpired “ “ incubicinches | 407.00 { 367.00 | 40.00
[« 0oy 4 - m @ “ w 18.35 1572 | 2.58

M. Pelix Letelltier’s experiments on warm-blooded animals confirm these results.
Hohndwnumofmcmdmlvdprw»dmwmm
0 be as fllows : —

80° to 1040 ¥, 59° to 680 . Pr
Canary 0.129 grammeg 0.250 grammes 0.325 grammes
Pigeon 0366 « 0.684 0.974 “
Two Mice 0.268 “ 0.498 “ ' 0.531 “
det 1.453 “ 2.080 “ 3.006 “

(Vide Comptes Rendus, Tome 20, p. 795. Paris, 1845. Also Ann. de Chimie et
do Phys. 3d Series, Tome 18, p. 478. Paris, 1845.) Doubtless physiological reac-
tions exercise a powerful influeince over the results of such experiments ; neverthe-
less, as respiration is essentially & process of combustion, they have a general bearing
om the question under consideration.

10
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2. ON THE VIBRATIONS. OF THE FALL OVER THE DAxM AT HOL;
YOKE, Mass. By Pror. E. S. SNeLL, of Amherst, Mass.

THE vibrations of dams and waterfalls must have attracted attention
long ago; but I find no mention of such facts in scientific records, ex-
cept in an article by Professor Loomis, (Sill. Jour. Vol. XLV. 1843.)
In that paper, seven instances of vibrating dams are cited, in all of
which the oscillation is attributed to the friction of the water on the
edge of the dam, operating like a violin bow across the edge of a tum-
bler. The considerations which Professor Loomis adduces in proof
are, I think, sufficient to establish the correctness of his conclusion in
the cases he has described. But I am satisfied that there is another
class of vibrating waterfalls, in which the pulsations are owing to a
wholly different cause.

The only example of a vibrating fall which I have had opportunity
to observe personally is that of the Connecticut over the dam at Hol-
yoke. The whole river, except the comparatively small part taken off
in canals, falls in gn unbroken sheet 1,017 feet long, between piers, and
80 feet. high, and varying in depth on the top of the dam from six
snches in low-water, to ten or twelve feet in high-water,. The dam is
necessarily built in the strongest manner, and firmly secured to the
rocky bed, which extends entirely across the channel. In.looking down
Jrom the pier at either end, the edge of the entire dam is plainly seen
through the smooth bending mass of water, and sppears perfectly
straight, and without a siga of tremor. It would be difficult to convines
the spectator that the strong pulsation which he sees and hears in the
fall, and, in some places, feels in the air, can be caused. by invisible
vibrations in the dam. If the visitor descends to the opening in.the
pier, and stands at the end of the vacancy bebind the sheet, ho. per-
ceives the air rushing in and out alternately with a strong puffing mo-
tion.

. I consider the column of air between the fall and the dam to be the
original vibrating body, set in motion by the descending gheet. The
water, in all cascades, carries with it into the basin below a portion of
" the adjacent air, both in front and behind, which appears aflerwards in
foam on the boiling surface. This action of the water produces a rare-
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faction behind the sheet, which is a sufficient exciting cause of the
vibrations. In high cascades, like those of Niagara, there is produced
by the same cause a current of air, setting tnward at the top, and out-
ward at the bottom; so that a continual circulation is maintained at
each extremity of the fall. But in a tube of air more than a thousand
feet long, and scarcely twenty feet in diameter, there is not room for
free circulation, and a pulsation takes place instead.

I visited the fall on the 25th of July last, and again on the 29th, and
repeatedly counted the vibrations, both by the eye and the ear. The
temperature at the time of my first visit was about 80° F.; and I made
the number of vibrations 136, 137, or 138 per minute, and the mean
rate 2.28 vibrations per second. During the second visit, the tempera-
ture fell from near 80° to about 70°, as I judged ; and the number of
vibrations diminished from 137 to 134; i. e. from the rate of 2.28 to
2.23 per second. As there is an opening of eight feet by three feet
through the pier at each énd, and as the sheet is diverted from the pier
some four or five feet by means of an apron at the top of the dam, I
regard the space behind the fall as an organ pipe open at both ends,
1,008 feet long, or nine feet less than the distance between the piers
(= 1017 ft) Applying to it the formula N =n. ¢, we have 2.28 =
= x 2 for the temperatare of 80°; or 2.28 —==n 1000 1 for 70°; or
n = 2 véry nearly. Hence it appears that the air, in an open tube
of this length, if two nodes were formed within it,' would vibrate at the
observed rate, — about 2} times per second.

My attention was of course directed to the inquiry, whether tbere
was any indication of nodes in the flexure of the sheet. But here I
found an irregularity and a changeableness which were perplexing.
‘At my first observation, there seemed to be three segments in motion ;
that next the left bank extending nearly half across the river, and the
other two dividing the remainder of the breadth about equally. The
vibrations of each two successive segments were alternate with each
other. But this arrangement was sometimes confused, and it became
difficult to trace any divisions. At the time of my next visit, the seg-
ments were, at first, three in number, as before, but now of equallength ;
and the points of division quite plainly marked by their small motion,
and by the small height to which the spray was tossed at each ontward
swing of the fall. But before I left, (about two hours after,) there was
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as distinctly seen a division into fwo equal segments, with the greatest
motion in the centre of each. This last was the mode of vibration
which I had expected to see, as indicative of twonodes ; for I supposed
the water would suffer the greatest transverse disturbance Wwhere the
inclosed air changed its density most; i. e. at the nodes ; and that it
would vibrate least where the density of the air was constant ; in other
words, at the middle of the ventral segment.

In times of high-water, the oscillations of the fall become invisible;
probably because the mass is too great to be perceptibly swayed by the
difference of internal and external pressures. At the times of my
observations, the depth of water above the dam was near #wo feet;
and the foot of the sheet seemed to vibrate through eight or fen inches.

I am strengthened in my belief of the correctness of the foregoing
explanation, by a conversation which I held on the subject with Pro-
fessor Schaeffer, a gentleman now connected with the Patent Office in
‘Washington. He remarked, that he-had observed, in many instances,
the production of a musical tone by the small cascades in the rapids
of rivers; and that the tone was lower as the cascade was broader;
so that he was accustomed to consider the cavities behind such falls as
organ pipes, yielding vavious musical sounds, according to their length.

The vibrations of Holyoke Fall are generally noticeable in Holyoke
and the village of . South Hadley Falls, and are occasionally perceived
at the distance of several miles. At the distance of half'a mile, I
counted the vibrations of'a window sash, and found the mumber 137,
the same as I had, an hour previous, counted in the fall itself. I have
noticed the movement of doors occasioned by the fall, in" a’ dwelling
three miles distant; and am told thas the effect is sometimes observed
in Springfield, at the distance of eight or ten miles.

Some days after the foregoing was written, I had the opportunity of
observing the vibrations for a few minutes, and found that a striking
change had occurred. The water was lower than before, and the num-
ber of vibrations was nearly doubled, there being from 256 to 260 per
minute, or 4.3 per second. This rate corresponds tolerably well with
the supposition ‘of four nodes. But, in the short time of my stay, I
could not determine by the eye the fact of four vibrating segments in
the sheet, though I could plainly perceive that certain parts of it hall
mueh motion, while others were nearly at rest.

If I may rely upon my recollection of what I noticed some years
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ago, I saw the same fall vibrating 69 or 70 times. per minute ; though,
as I made no record at the time, it is possible that I counted the num-
ber prodnced in a Aalf minute.

It seems quite probable that there are in the Holyoke Fall, at least
three modes of vibration, corresponding to three successive octave
notes, though the vibrations are too slow to produce on the ear the
effect of a musical sound. The depth of water is doubtless the princi-
pal circumstance, but perhaps not the only one, which determines the
mode of division in the air column. At the temperature of 80° a
colutnn of air in an open tube, with one node, should vibrate 68 times
in a minute ; I think I once counted 69 or 70. With two nodes, the
calculated number is 136 ; 1 made by observation, 137, as a mean re-
sult.  With four nodes, at 70°, calculation gives 269 vibrations, obser
vatwn, 258

3. O~ THE ELEcTRICAL HYPOTHESES OF THE AURORA BOREALIS.
By Pror. DexisoN OLustED, LL. D., of New Haven.

IN a paper which the Smithsonian Institution did me the honor to
publish in a late volume of their “ Contributions,” On the Recent Secu-
lar Period of the Aurora Borealis, I attempted to presept a synopeis
of the facts, as exhibited in the remarkable series of auroras, which
commenced in 1827, and lasted for, more than twenty years. I also,
from a review of those facts, ahd from an extensive comparison of them
with those witnessed in other great exhibitions of the same phenome-
non, in other countries and in past ages, endeavored to state the laws
of the Aurora Borealis in a more systematic and definite form than
had been done by any other observer, within my knowledge. Finally,
with these data before me, I proceeded to discuss the questlon of the
Origin and Cause of the Aurora Borealis. Contrary to the opinion
which ascribes it to terrestial agents, as electricity or magnetism, I
.argued that the origin of the Aurora Borealis is gosmical, the matter
of which it is composed being derived from the planptary spaces

: 10*
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T inferred the cosimieal origin of the material of which the Adrera
is composed from the following argaments: First, from the extent of
the exhibitions, sometimes spreading from ‘east to west for many theu-
sand miles, and reaching to 4 height of a hundred iniles or more above
the earth, quite above the région of atmospheric precipitations'; ‘secands.
ly, from the fact that in piacts differing many. degrees in longitude, the
different stages of the Aurora, (such as the begianing, maxitum, and:
ed,) occur at the sarie hour of the night, udicating that  place on the
earth, in its diurnal revolution, comes successively under the nedrest
point of the auroral body situated in space; thirdly, from the celocity
of the motions, being too small for light itself, and too great to resolt
from any terrestrial force, s mghetic of eleetric wttractions, ‘occasion-
ing a translation of the matter of the Aurora; and, foyrthly, from the
periodicity of the Aurora, especially its sscular periodicity, appearing,
as it does, at long but nearly definite intervals in a grand series. of ex-
hibitions, which increase to a maximum, ané then dinvimish i number
and intensity, until the phenomenon, in its.grander forms, vanishes
from our nocturnal sky,— a fact which appears.iq me to remove it
from the pale of terrestrial, and to bring it clearly within- the domain
of astronomical, causes, implying a nebulous body in the -planetary
spaces from which the material of the Aurora.is derived, having a
revolution around the sun, and a period in a nearly simple ratio to the
earth’s period.

At a meeting of the American Association at New Haven, in 1850,
T submitted an outline of the paper since published in the Smithsonian
Contributions, and ventured then to declare my belief, founded on the
history of the phenomenon, that the brilliant exhibitiops of the Aurars
Borealis, which for more than twenty yedrs had very oftep presented
astonishing displays in our nocturnal heavens, were ‘nearly over, and
would soon cease, and not appear again in the same intensity and fre-
quency until after an interval of forty years or more ; the interval
from the maximum of - one secular period to that-of another being estj-
mated, from historical records, to be from 60 ‘to 65 years.- I wonld
now respectfully ask the members of the Assbciation to rémark; that
for five or six years past, the number and splendor of these exhibitiots
bava in fact greatly diminished, compared with the period marked off in
my paper as the “Secular Period ;” and I wauld solicié their further
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¢
attentioh to the subject, in order to see how far the expectation I ven-
tured to intimate in 1850 shall be fulfilled.* )

In my paper published by the Smithsonian Tustitution, while full -
space was liberally allowed me to express my own opinions as to the
origin and- cause of the Aurora Borealis, it was deemed inconsistent
with the plan of the Smithsonian * Contributions,” to admit of the dis-
chssions of the apinions of others. Some remarks, therefore, which I
bad made on hypothesea urged by different writers, in explanation of
the Aurora, wete not published with the article referred to. These, so
far as relates to the electrical hypotheses, I now beg leave to submit
to the present meeting. )

After the discovery of the identity between electricity and lightning,
and the consequent connection of electricity with thunderstorms,
it became the piactice of the interpreters of nature to ascribe every
thing mysterious and not otherwise accounted for, to this wonderful
agent.t No student of nature can indeed doubt, that electricity holds
& most important place among the ultimate causes of pbysical phenom-
ena; we only complain of the practice of referring effects to this cause
simply on the ground of its known activity, without either proving its
firesence, or legitimately deriving those ‘effects from its known propet-
ties, One evil consequence of such a practice has been, to give a qui

* Those who are not old enough distinetly to remember the great auroral exhi-
bitions of 1837 and the years immediately following, will be liable to class among
“ brilliant Auroras,” displays of a kind greatly inferior to those in which such sights
as the following were not unusual. First, before the end of twilight, the northern
sky presented a bright illamination, as though the sun were rising in that quarter.
Boon there appenred, stretching along the northern horizon, and rising a few degrees
above it, 8 bank of luminous vapor, often more or less obscured by a smoky hue,
the whole alive with flickeging motions. In due time, but often from 10 to 11 o’clock, a
forest of silvery spindles (streamers) would shoot up from the bank of auroral vapor,
and crimson columns begin to form simultaneously in the north-east and north-west,
which wonld rush wpwurd, in company with innumerable streamers, to a point 4
Yittle south-east of the xenith, — the pole of the dipping-needls, — around which they
would arrange themselves in & magnificent corona. Frequently, at a later hour,
auroral waves, of surprising appearance and incredible velocity, would roll ap to-
wards the zenith, which frequently continued until the dawn of day.

It Is only siich exhibitions as these that are entitled to be denominated * Grand
‘Exhibitions of the Aurora Berealis.” .

1 See Bectaria, Priestley, Morgan, Encyclopedia Britannics, etc.
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etus to any further mvesnganon of the subject, supposing that when it
was determined to be an “ electrical phenomenon,” there was no need
of .any further inquiry into the cause. Such has been particularly the
case in respect to explanations of the ‘Aurora Borealis. To begin with
Dr. Priestley : “That the Aurora Borealis is an electrical pbenomenon
(says the Doctor in his elaborate History of Electricity), was, I be-
lieve, never disputed from the time that lightning was proved to be
one.”* The author urges scarcely an argument in favor of this hy-
pothesis, but deems it a sufficient explanation of the Aurora to call it
an electrical phenomenon. Other writers, however, have arrayed
their arguments in favor of this hypothesis in form. Thus Morgan, in
his able Lectures on Electricity, published in England in 1794, urges
the following reasons for the opinion, that the Aurora Borealis arises
from great quantities of electricity discharged through the upper re-
gions of the atmosphere. “If,” says he, “thunder be caused by the
electric fluid, there is a certain beight in the atmosphere in which the
cause of thunder must necessarily assume the appearance of Northern
Lights. In air rarefied to a certain degree, the passage of the electric
fluid is attended with all the undulating coruscations of the Aurora
Borealis. Indeed, there is not a single circumstance in the experi-
ment of passing the spark through an exhausted tube, which does not
bear a resemblance to something observed in the Northern nghts.‘
There is the same peculiarity in their motion, the same variety in their
color, and the same quick alteration of flashes in both; the streams
are alike vivid and pointed; and if the exhaustion be properly mane,
aged, some parts will appear with that reddish tmge which is oﬁen
observed in the air by the vulgar with fear and gonsternation.”

Upon this argument I remark, that this writer, like all otber wrltem
who have insisted on the resemblance between the appearance of the
Aurora Borealis and the electric spark passing through rarefied air,
has greatly overrated the degree of resemblance. That luminous ap-
pearances in one case should resemble luminous appearances in another
case is nothing remarkable. A fire, a lamp, the sun, the stars, bave
all some points of similarity. Now, after mulnphed comparisons, of
the appearances of the Aurora with those of the electric spark in rare-

* History of Electricity, p. 376. :
t Morgan’s Lect’s on Elec. JI.,.237. Smger’n El’m. ost‘Jec.. 151.
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fied air, as exhibited in what is called the auroral tube, I am compelled
to say that I think the likeness is very faint, both in regard to the
shades of color and to the peculiar motions. There is nothing in'the
auroral tube experiment which resembles the auroral streamers or
arches or waves or corona. Between the flaskes.of the aurora and
those of the spark in the tube, there is occasionally some resemblance.
But light derived from very different sources often exhibits many
points of similarity, and it is unsafe to predicate upon such incidental
resemblances an identity of origin. Reasonings of this nature were
often exemplified by the earlier writers on Natural Philosophy. Thusg
Wallis, the preceptor of Newton, accounts for thunderstorms by as-
cribing them to the accidental meeting in the air of the elements of
guopowder; an ‘explanation which was countenanced by the striking
resemblance of lightning and thunder to the flash and explosion of
gunpowder

The same authot proceeds : “ As the rarefaction of the air increases,
80 does the striking distance of ‘the charge that passes through it. IF
two clouds, therefore, the ohe positive and the other negative, should
have no dther circuit, is it not highly probable that they will discharge
fheniselves through the higher reégions of the atmosphere?” The na-
tore of the reasoning appears to be this: Lightning is known to be
owing to the discharge of electricity from one cloud to another differ-
ently eleetrifled. Now, from experiments with tlie electric machine,
in passing electricity through a tube containing rarefled air, we¢ know
that in- propox'-tion as the air is more rarefled, the further the electric
épatk will pasi, and the more feeble will be its light, and consequently
more like that of the Aurora Borealis. ' May we not then suppose that
¢this phenomenon arises from the flowing of electricity from one distant
&toud to anothen, throtigh the upper regions of the atmosphere, where
the air is iauchrtdrefled? But let us remark upon what feeble grounds
fhis analpy s predicated. Thunder clouds are not usually more than
4 mile high ; this Anroral arches, sometithes at least, afe seventy or one:
hutidred miles and more. The passage of lightning from one cloud to
snothet is seldom more than a mile or two in length ; the same auro-
ral exhibition, as that of November, 1848, has been known to extend
from Western Asia over Europe and America to California, oove'ring
a large part of the northern hemisphere. .

The criiekiity or Fisstny noite with which the - mirora Bdrea.lnh
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said to be sometimes attended is alleged in proof ofits electric origin.
The existence of any such sound proceeding from an auroral exhibi-
tion is doubtful ; but its existence being granted, the supposed sound
is very unlike that produced by electrical explosions; and, were the
resemblance more striking than it is, the presence of electricity would
not necessarily be implied, inasmuch as the sound in question might
arise from various‘other causes, such, for example, as the rapid pas-
sage of auroral vapor through the atmosphere.

The foregoing considerations lead me to think that any reafoning
which ascribes the Aurora Borealis to electnclty, foynded on a supposed
resemblance between the sensible appearances of the Aurora and known
appearances caused by electricity, is inconclusiye and generally falla-
cious ; yet this was the mode of argument generally adopted by those
who first devised the hypothesis, including most writers on the subject
of the age of Priestley. But later defenders of the electncal bypothesis
have relied little on these arguments, ner have they ag_reed among
themselves in any thing except in the vague idea that the Aurora Bo-
realis is, in some way or other, caused by electricity, while they have
differed widely among themselves in regard to the modus operands of
this agent. Thus nothing can be more unlike the explanation already
recited as that adopted by Beccaria, Priestley, Morgan, and their fol-
lowers, than the explanations subsequently put forth by Biot, Hare,
and De La Rive, men whose philosophical reputation entitles their
opinions to the greatest respect, although we may venture to examine
them with the freedom allowable in an inquiry after truth.

In the year 1817, M. Biot witnessed at the Shetland Islands, where
he chanced to be residing, a great auroral exhibition, of which he has
given a minute description in bis Précis Elémentaire De Phyanue, ac-
companied by various speculations concerning -the laws and the origin
of the phenomenon. He points out the true mode of determining whether
any appearance in the sky is within the atmosphere or beyond it, by
observing whether or not it partakes of the diurnal revolution ; whether
it accompanies the stars from east to west, or is left behind by them;
and he tomes to the conclusion that the aproral exhibition takes place
within the atmosphere. But the test suggested by Biot deea not reach
the question, which respects the origin of the Aurora; forif it is proved
that the pAenomena are exhibited in the atmosphere, still the question
returns, was the material of the Aurora, (or what we have ventured to
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denominate auroral vapor,) derived from the earth or the atmosphere
itself, or did it come into the atmosphere from the regions of space ?

The author proceeds to account for the formation of arches and cor-
onas, out of parallel columns, by the principles of perspective, in the
same way that Dalton, and-even' Roger Coates,* at a much earlier
period, had done before him. The columns, he thinks, consist of finely
divided metallic matter ; and being magnetic, they spontaneously arrange
themselves in a direction parallel to the magnetic meridian, and of
course parallel to one another, as though they were real magnetic
needles. ‘Now such columns would be conductors of electricity ; and
since the electricity of the lower portions of the atmosphere is (accord-
ing to him) wsually vitreous, as is ascertained by the electrical kite,
and the upper portions resinous, as is found by ®ronauts, the two ex-
tremities of these vertical columns will commonly be in opposite states,
and a continual current of electricity will flow through them, differing
in quantity with the varying intensity, and the condition of the medium ;
but when the opposite states of the upper and lower extremities of the
columns dre very intense, the electricity, in forcing its way through the
imperfectly conducting medium, gives flashes, and the other luminous
appeararices of the Aurora.

Although some of the appearances of the Aurora Borealis are well
explained on the hypothesis of Biot, yet there are others which it
hardly reaches, and others with which it appears to me to be incon-
sistent. There is a high degree of improbability, that such an amount
of metallic vapor, derived from any terrestrial source, should be sud-
denly diffused through the atmosphere, as to cover no inconsiderable
portion of the whole earth, and extend to the height of one hundred
miles or more. ‘Moreover, the motions observed: in'the auroral lights,
although exceedingly rapid, are stifl progressive, and not instantaneous,
as would be the case with electric flashes. Nor does the hypothesis
furnish any reason for the periodieity of the Aurora, which is one of
fts most important characteristics.

Dr. Hare takes quite a differént view of the modu: operands of elec-
tricity in-the produetion of the Aurora Borealie. He considers the
relation between the earth aud-the upper regions of the atmosphere,

* See Phil. Trans. Abridged, Vol. VL
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(which severally constitute two good condactors,) as analogous to the
relation between the inside and the outside coating of a Leyden jar,
separated from each other by the intervening glass. « Thys,” (says he,)
¢ the atmosphere is situated between two oceans of electricity, of which
the tension may often be very different. Between these electric oceans,
the clouds floating in the non-conducting air must act a3 movable insu-
lated conductors ; and from the excitement consequent upon ‘induction,
from chemical chaoges, or from their proximity to the celestial electric
ocean, must be liable to be electrified differently from each other, and
from the terrestrial electric ocean. The Aurora Borealis (he adds)
may arise from discharges from one ocean to the other of electricity,
which, not being concentrated by its attraction for intervening clouds,
within air sufficiently dense to act & an electric, assumes the diffuse
form which cbaracterizes that phenomenon.” ¢

If the Aurora Borealis were formed in this way, ought it not to pre-
wvail most where the supposed electrical oceans exist in their greatest
intensity, namely, in the equatorial pegions; whereas there they arg
scarcely known, while they are at a maximum in the polar regions,
where, if the analogy exists at all, they are in their minimym state of
activity. We need not insist on the inadequacy of the hypothesis to
pccount for the production of the matter of the Aurora itsclf, or for the
progressive motions to which it is sabject, which are too rapid to be
accasioned in the manner supposed by the hypothesis; namely, by elece
trical “ convection ;” and yet too slow tp consist of mere flashes of light.
Nor need we urge the want of application of this hypothesis to the
periodicity of the phepomenon ; or to the vast extent of its simultaneous
appearance ; or of its commencing, reaching its maximum, and ending,
at the same hours of the night in places widely differing in longitude.

M, De La Rive, of Geneva, has more recently put forth a still dif-
forent form of the electrical hypothesis of the Aurora Borealis.} Ac-
cording to this distinguished philosopher, the electricity of the atmose
phere owes its origin to an unequal distribution of temperatare through
the different atmospheric strata. He argues that through every sort of
body heated at one of its extremities and cooled at the other) the posi-

#* Amer. Jour. Science, XXXII. 157.
t Bibliothéque Universelle, New Series, 8, 17.
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tive electricity goes from the hot to the cold part, and the negative
electricity in the opposite direction. Hence the lower end of an atmos-
pheric column, being in contact with the earth, is constantly negative.
The intensity is greater as the difference of temperature is greater;
and it is greater, therefore, in summer than ia winter, and greater in
the equatorial than-in the polar regions. The ground being rendered
negative by contact with the negative columns, while the upper ex-
tremities are positive, there will be a tendency of the electrieity to flow
down from the top to the bottom, that is, from the upper regions to the
earth, which tendency will be greater as the conducting power of the
medium is greater, varying with the degree of humidity. On account
of the greater humidity of the air over the poles, and consequently its
greater condueting power, the electricity flows from the upper portions
of the atmosphere within the torrid zone, each way to the north and
south poles ; and the earth being a good conductor of electricity, as is
shown by the electric telegraph, where the ground is made the medium
of discharge between {wo poles at a great distance from each other, the
electricity conveyed to the poles through the upper regions, returns to
the torrid zone through the earth.

In applying these principles to the Aurora Borealis, the author re-
marks, that it is the effect of the luminous electric currents, coursing
the upper regions of the atmosphere towards the north pole, a conse-
quence of the union of several unusual circumstances. When the sun
has left the northern hemisphere, the vapors condense around the pole,
and electricity flows in unusual quantities from the equatorial regions.
The auroral vapor itself he considers as nothing more than the tcy par-
ticles which are known to float in the upper regions of the atmosphere,
sometimes producing lupar and solar halos; their presence in those
regions being also affirmed by the testimony of ®ronauts.*

Upon the views of M. De La Rive I offer the following remarks.
First, facts do not warrant the supposition that there is any such ten-
dency of electricity to the poles as the hypothesis assumes, but they
indicate just the contrary. Thunderstorms never occur beyond the
latitude of 75°, and rarely beyond 65°, while they are most of all fre-
quent and violent in the equatorial regions, where Auroras are seldom

* De La Rive’s Letter to M. Arago, An. de Chim. et de Phys., March, 1849.
11
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seen. Moreover, since the resistance to the passage of electricity up-
ward is diminished as the air grows more rare, so much so that some
writers (as Dr. Hare), maintain that the upper regions of the atmos-
phere correspond to the negative side of the Leyden jar, would not the
supposed currents find a shorter route to an equilibrium than to go
from the equator to the pole? Again, the anroral movements are pro-
gressive, and not instantaneous, like those of electricity. We may ask,
moreover, are icy or snowy particles, like those which are here sup-
posed to constitute the auroral vapor, ever known to become perma-
nently luminous by being electrified? Are they ever known to be thus
rendered magnetic, like the auroral columns? Are they known to
reach to the height which, sometimes at least, the auroral matter at-
tains, as, for example, one hundred miles above the earth? Can they
be supposed to be all at once developed in such quantities as to over-
spread so great an extent of the earth as the Aurora sometimes covers,
reaching, for instance, from Western Asia to California? Will the
hypothesis account at all for the periodicity of the Aurora? Believing
that a negative answer must be given to each of these interrogatories,
I am compelled to think that the ingenious hypothesis of M. De La
Rive is entirely inadequate to account for the phenomenon of the Aurora
Borealis, and that it is in fact inconsistent with many of the phenomena.

Some who have admitted the inadequacy of any electrical hypothesis
hitherto advanced to account for the origin of the Aurora Borealis,
have ascribed the phenomena to magnetism. It must be admitted that
magnetism has some connection or other with the Aurora. The dis-
turbance of the magnetic needle during an auroral exhibition; the
effect occasionally observed on the wires of the magnetic telegraph;
the relation of the auroral columns to the magnetiec meridian ; the for-
mation of the corona around the pole of the dipping needle,— these
facts plainly indicate the existence of such & connection. But it may
still be uncertain whether magnetism holds to the Aurora the relation
of cause or effect. These facts merely prove that the auroral vapor
has magnetic properties ; they prove nothing respecting its origi,
which is the main point in question. Matter derived from the planet-
ary spaces, as meteoric stones, have usually been, to a great extent,
ferruginous, a fact which favors the idea that the nebulous matter of
which we suppose the Aurora to consist is of a similar nature, and
therefore magnetic.
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Scarcely any hypothesis alleged to account for a phenomenon of
nature is so poor as not to explain some portion of the facts. Elec-
tricity and magnetism may severally account for some of the phenomena
of the Aurora Borealis; but there are other facts which neither of
these causes appears to me to touch, especially the production of the
material itself, or auroral vapor, or the great extent of the auroral ex-
hibitions, or their periodicity ; while I believe that each of these facts
is fully and satisfactorily accounted for in my paper already referred
. to, which assigns to the Aurora a cosmical origin.

4, On A New Sourck oF ErLEcTRICAL ExcrratioN. By Mrs.
EunicE FooTg, of Seneca Falls, N. Y.

I mAvE ascertained that the compression or the expansion of atmos-
pheric air produces an electrical excitation. So far as I am aware,
this has not been before observed, and it seems to me to have an im-
portant bearing in the explanation of several atmospheric and electrical
phenomena.

The apparatus used was an ordinary air-pump, of rather feeble
power, and adapted either to compress or exhaust the air. Its receiver
was a glass tube about twenty-two inches in height and three in diam-
eter, with its ends closed by brass caps cemented to it. At the bottom
was a stop-cock and a screw, by which it was attached to the air-pump.
To the top were soldered two copper wires, one hanging down within
the tube, terminating in one or more points, and reaching to within
about six inches of the bottom, the other extending from the upper
side of the cap to an ordinary electrical condenser.

In experimenting after compressing or exhausting the air within the
receiver, the wire reaching to the condenser was disconnected from
it, the upper plate was lifted from its place by a glass handle, and
its electrical condition tested by a gold-leaf electrometer. I have
found it couvenient first to compress the air and close the stop-cock,
when the condenser would be found to be charged with positive elec-
tricity ; then after discharging all traces of it both from the condenser
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and the wire leading to it, the air was allowed to escape, and the con-
denser would become recharged to an equal extent.

My experiments with this apparatus have extended over about 'eight
months, and I have found the action to bear a strong analogy to that
of the electrical machine. In damp or warm weather little or no
effect would be produced, whilst at other times, particularly in clear
cold weather; the action would be so strong as to diverge the leaves of
the electrometer to their utmost extent. In warm weather, when no
action would be produced, I have attained the result by cooling the air
artificially. A sudden expansion or contraction always increased the
effect.

The results with oxygen gas were similar, but I was not successful
with either hydrogen or carbonic acid gases.

It is believed that the results which have been obtained on a small
scale, in my experiments, may be traced in the great operations of na-
ture. The fluctuations of our atmosphere produce compressions and
expansions sufficient to cause great electrical disturbances.

Particularly should this be observed in the dry cold regions of our
atmosphere, above the effacts of moisture and vapors. And it was
eatablished by the experiments of Becquerel, as well as those of Gay
Lussac and Biot, that the electricity of the atmosphere increases in
strength with the altitude. A manifest relation, moreover, between
the electricity of the atmosphere and the oscillations of the barometer
has frequently been observed. - Humboldt, treating upon the subject in
his Cosmos, remarks, amongst other things, that the electricity of the
atmosphere, whether considered in the lower or the-upper strata of the
clouds, in its silent problematical diurnal course, or in the explosion of
the lightning and thunder of the tempest, appears to stand in a mani-
fold relation to the pressure of the atmosphere and its disturbances.

The tidal movements of our atmosphere produce regular.and sys-
tematic compressions twice in twenty-four hours. ' These occur with
so much regularity within the tropics, as observed by Humaboldt, that
the time of day is indicated, within fifteen or twenty minutes, by the
state of the barometer. Saussure observed a diurnal change in the
electricity of the atmosphere, corresponding with the dimrnal changes
of the barometer. The electricity of the atmosphere, he observes, has
therefore a daily period, like. the eea, increasing and decreasing twice
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in twenty-four hours. It, generally speaking, reaches its maximum
intensity a few hours after sunrise and sunset, and descends again to
its minimam before the yising and setting of that luminary.

The incessant change or oscillatory' motion which we discover, as
remarked by Humboldt, in all magnetic phenomena, whether in those
of the inclination, declination, or intensity of these forces, according to
the hours of the day and the night, and the seasons and the course of
the whole year, leads us to conjecture the existence of very various
and partial systems of electric currents on the surface of the earth.

The electrical excitations that accompany the aerial tides are in con-
stant motion. They pass around the entiro earth once in twenty-four
hours, and engircle it with successive waves of electricity of great ex-
tent. And I have imagined, that it might be worth the inquiry,
whether this did not afford a cause sufficient to explain the induced
magnetism of the earth and polarity of the magnetic needle.

Several circumstances seem to favor the supposition.

1. An intimate connection. has been established between magnetic
intensity and the electric tension of the atmosphere.

. All magnetic phenomena show .an increase of activity during
eettam hours of the day, corresponding to, and ob\nously connected
with, diurnal atmospheric ehanges.

8. The recent investigations of Sabine and others have shown that
terrestrial magnetiam is.suhject to an annual variation, which depends
upon the relative position of the sun and the earth, being at a maximum
when the latter is in perihelion, and a minimum in its aphelion, in the
same way that the tides are affected by the distance of the sun.

In like manner the magnetic intensity is affected by the position of
the moon, and suffers a monthly change depending upon its distance.

4. Magnetic intensity is greater when the sun and moon are in con-
junction than when they are in quadrature.

5. The diurnal variations in the declination and dip of the magnetic
needle accord with the position of the sun in its apparent course
around the.earth.

6. The maximum of these variations also changes its sign at the
time of the two equinoxes. Thus whilst the deflection is eastward, up
to the 21st of March, a change then occurs, and it passes to the west-
ward with a mean equal to the eastern variations of the preceding six
moaths.

11+
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It has also been shown, that there is a variation in magnetic decliria-
tion, dependent on the change of the moon’s position in relation to the
meridian of the place of observation.

7. Great magnetic disturbances or storms, extending sometimes to
a great distance, I have found to accord with great barometric waves®
passing over the same space in separate and independent systems.

5. ON THE QUANTITATIVE Asssy or CHroMIUM BY Browrire
Processes. By Everse W. Hivearp, Pu. D, of Wash-
ington, D. C.

THE great practical convenience of the mouth blowpipe, and the
rapidity with which, in the cases most frequently recurring, its appli-
cation led to satisfactory results, could not fail to assign to it, at an
early period, an important place among the means employed for qualie
tative researches on inorganic bodies. Nevertheless, its usefulness,
even in many quantitative determinations, is eomparatively a modern
discovery ; not so modern, indeed, as not to have had time to become
generally known ; and it is truly a matter of surprise to those practi-
cally conversant with those elegant methods we owe ehiefly to the
genius of PLATTNER, that these are not more generally appreciated
and employed. This is the case not only in this country, but also in
Europe, where the details of the quantitative blowpipe assays are un~
known to many analysts of the highest standing ; even there, until re-
cently, a full and systematic course of instruction in the use of the
blowpipe was hardly to be obtained outside of the Academy of Mines,
at Freiberg, in Saxony, where, until a few years past, PLATTNER him-
self taught the use -of his favorite instrument. Having myself en-
Jjoyed the advantage of his personal guidance in the study of this sub-
Jject, it has ever since continued a favorite with me, and it is thus I
have attempted to still further extend the practical' usefulness of these
processes — not only those involving the immediate use of the blow-
pipe itself, but all such as can be conveniently and advantageously
earried on by the zid of that admirably ocontrived micro-laboratory
known as % PLaTTNER'S Blowpipe Chest,” not excluding, of course,
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the addition, if necessary, of such articles as do not interfere with one
of the cardinal virtues of the whole, compendiousness. The latter is
one of the main conditions of its practical usefulness, that being in fact
the paramount consideration, to which even that of extreme accuracy
must in some cases yield.

The primary object of quantitative blowpipe assays is essentially a
practical one; they are, first of all, conjointly with the qualitative tests,
performed in like manner, to serve as a reliable guide to those who,
while engaged in preliminary researches involving the useful metals,
have no laboratory at their disposal, and also, in most cases, but a lim-
ited space of time. Thus in geological field surveys and explorations
of mines ; also in studying the cbaracter of the products during the
progress of smelting or similar operations, etc. We have here two
conditions, namely, compendiousness and quickness of performance,
which notably reduce the number of processes applicable in this case
to the quantitative determination of any one substance. The process
that fulfils them, and at the same time allows of a degree of accuracy
sufficient for practical purposes, will undoubtedly be of great service to
practical men. If simultaneously it allows of reaching the degree of
aecuracy actually obtaining in the laboratory (differing essentially from
that pretended to be attained by many who attach so much importance
to the third and even the fourth decimal in their percentage calculations
of analyses), its yalue will be greatly enhanced. Several of PraTT-
NER’S quantitative methods fulfil not only the two former, but also the
latter, condition. The blowpipe assay of gold, silver, cobalt, nickel,
and even copper, if carefully performed, yields results quite as accurate
as those usually arrived at by a much more laborious and circumstan-
tial route, in the wet way. With respect to that of nickel and cobalt,
we may unhesitatingly prefer it to all methods of determining these
metals in the wet way, except that of LiEBia, which, however, is not
frequently resorted to on aecount of its lengthiness, and the annoyance
occasioned by the evolution of so much hydrocyanic acid.

The cobalt and nickel process was entirely PLATTNER’S own inven-
tion, and we may well call it the climax of all blowpipe achievements,
if we consider that by its means we can, in the space of about three
hours, determine consecutively in one and the same one hundred milli-
grammes of ore, no less than six metals, five of which with great accu-
recy. The silver, gold, copper, lead, and tin processes were, in their
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main features, known and practised in the assayer’s furnace before
PLATTNER adapted them to the blowpipe, a labor which, however, for
difficulty and ingenuity required in carrying it through, is quite equal
in merit to a new invention. This will be readily appreciated when
we recollect the main conditions to be fulfilled, as before observed.

All the assays hitherto mentioned are performed in the dry way
alone, and this is one of the main causes of their expeditiousness. The
operations, constantly recurring in working in the usual wet way, of
evaporation and filtration (not to speak of precipitates requiring from
twelve to seventy-two hours’ rest before they can be filtered), consume
by far the largest part of the time of the operator; whilst in the dry
way operations just mentioned, the purely mechanical manipulations
take up only a very small quotum, most of the time being that which
is requisite for the completion of chemical action. In all these cases
the saobstance to be.weighed is obtained in the form of a regulus or
bead, which rarely requires more than simple wiping .or squeezing to
clean it from all adhering foreign matter. But even when this is not
the case, namely, when in fusions powdery precipitates are formed,
which require washing on the filter, an advantage is very generally
gained in consequence of the greater expeditiousness which their wash-
ing by filtration admits of, as compared with that of the large number
of gelatinous, slimy, and other precipitates obtained in the wet way,
which so often clog the filter and levy a heavy contribution on the pa-
tience of the operator. There seems to be at present prevailing among
analytical chemists a tendency to peglect the dry and employ the wet
way exclusively, which would hardly seem justified by the comparative
accuracy thus obtained. When an analysis requires ten or fifteen fil-
trations, and perbaps as many pounds of distilled water, 80 often of
dounbtful purity, and slowly but surely dissolving even the Bohemian
breaker glasses, the chances of error are undoubtedly very great, and
greatly enbanced by the lengthiness of the operations. To abbreviate
these, and avoid their repetition as much as possible, is an important
point, which, in not a few cases, may be gained by suitably combining
the dry with the wet method. There are exclusive neptunists, how-
ever, in chemistry, as well as in geology, who will boast of “ doiag every-
thing in the wet way.”

The faults contingent on the ordinary method of filtering and weigh-
ing precipitates obtained in the wet way, are completely avoided in
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another class of analytieal operations, usually designated as the “ #itra-
#on methods.” Of late, this branch of analytical chemistry has been
rapidly growing in importance; the elegant iodometric methods of
BuUNSEN have of themselves opened a vast field, from which further
rich harvests cannot fail to be gathered in time; to the manufacturer
the metric methods have already become of the highest importance.
To the analyst, weary with filter and balance, when sometimes, after
weeks of careful labor, he finds, in summing up his results, that accord-
ing to them he has either ereated or annihilated a per cent. or two of
matter, the burette is a real solace ; through it he can recover his sha-
ken faith, and convince himeelf that the third decimal may really some-
times have a meaning. The umniversal application of metric analysis
seems indeed to be the promised land of analytical chemistry. Thus
far, however, its application is still somewhat limited; and moreover,
its usefulness in the field is, and probably ever will be, impaired by the
bulkiness of the materials required, being mostly dilute solutions, which
cannot be readily prepared in the field; and if .so, the distilled water
necessary would be sufficiently ecumbrouns to carry. When, therefore,
we have to do with metals difficultly fusible or reducible, and which
cannot be brought into any fusible alloy, nothing remains but to par-
tially, at least, resort to the wet way. Such is the case with chromium,
which, having at present become of considerable practical importance,
I have for some time been attempting to devise a convenient method of
determining it quantitatively by the aid of what is conventionally
termed blowpipe precesses, although all of them do not necessarily in-
volve the use of that instrument. PrLATTNER himself has proposed a
mixed method of this kind for iron, involving, however, several tedious
filtrations, in consequence of which it is, I believe, but rarely employed.
I do not know that I have succeeded much better in the method I pro-
pose for chromium ; yet it may prove of some use as enabling the ex-
plorer to execute in the field what thus far has only been done in the
laboratory, and shortening the labor of those who, in manufacturing
processes, have to repeat with frequency determinations of the metal
in complex residues.

Nor can I claim having invented any thing essentially new; I have
only attempted to adapt phenomena well understood before, to the par-
ticalar purposes in view. In my description I shall proceed with ref-
erence to PLATTNER’S book, and the well-known arrangements of his
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blowpipe chest; and I shall also follow his example with respect to
minuteness in the description of the detail of the operations. In this
respect some are inclined to find fault with PLATTNER, considering his
minuteness as superfluous and doctrinarian. I believe, however, that
all those addicted to the habitual use of the blowpipe will testify to the
importance and usefulness of this particular point. In the analytical
laboratory, the operations are comparatively few and simple, so that,
with some general rules and experience, the analyst may, in most
cases, at once successfully execute a new method, of which he only
knows the rationale. With him, moreover, a few hours’ donger duration
of an analysis—in consequence, perhaps, of some precaution neg-
lected, the necessity of which he could not foresee —is of much less
consequence ; allowing that much latitude, it may frequently be that
there are several ways of doing the thing correctly. But no such lati-
tude exists in those cases for which the blowpipe methods are special-
ly intended; it must be done within the shortest possible space of
time, and with comparatively limited means at disposal; the filtrates
must not exceed in bulk what a certain very small beaker-glass will
contain; and a crucible which serves very well in a fusion conducted in
a certain way, will allow the mass to run over with a very slight devi-
ation from that precise way. I have always found that I fared best in
following to the letter those seemingly pedantic rules of Plattner ; and
whenever I deviated from them, I found myself almost unconsciously
returning to them after a short excursion. They are the results of
thorough practical experience of a head as thoroughly practical.

I shall therefore describe minutely that method of manipulation
which I bave thus far found to answer best. But my experience is
short ; and as moreover I cannot lay claim to the high qualities of my
illustrious teacher, there is room left for a great deal of improvement.

The facility with which chromium may be separated from most other
bases, by conversion into chromic acid, by means of fusion with alkalies
and simultaneous action of oxidizing agents, immediately suggests this
as the first step in the assay.

In the qualitative test, this fusion is effected in the large platinum
spoon, by means of the blowpipe flame itself. The great fluidity of the
flux, and the strong evolution of gas accompanying this process, render
a considerable loss by spirting unavoidable, unless the vessel in which
the fusion takes place is covered. In this case, however, the free



PHYSICS AND CHEMISTRY. 131

access of” atmospheric oxygen is cut off, and it is necessary to supply
this want by the addition of an oxidizing flux. As such, chlorate of
potash may occasionally be used ; but the mitrate is by far the most
convenient, because admitting of a higher temperature; besides, it is
already a necessary inmate of the re-agent case.

Even when vessels as large as the large porcelain blowpipe dishes
are used, loss by spirting occurs. I tried to render the flux less fluid,
or more tenacious, so that in bursting, the gas bubbles would not throw
up any of the mass. Borax will not do this, but a very slight addition
of phosphate of soda (a crystal of microcosmic salt fused) diminishes
the spirting very much; yet it does not entirely prevent it.

The common clay crucibles covered with a torrefaction dish, will not,
of course, answer, on account of their porosity. Porcelain crucibles
are so much attacked by the flux as to be useless after two or three
short fusions, and would thus, in the end, turn out very expensive. I
therefore resorted to a platinum crucible of precisely the pattern of the
clay ones, with a platinum torrefaction dish for a cover.

‘With these, the fusion may easily be executed without the least loss,
the cover being put on with the convex side downwards. It is but
slightly out of shape on one side, so as to allow an opening for the
escape of gas. This is essential ; for if it fits pretty close all around,
and the fused mass inside happens to rise near to the edge, the whole
seam is instantly closed gas-tight all around, in consequence of capil-
lary attraction, and immediately after the cover is forcibly lifted off by
puffs, each of which ejects a few globulés of flux. This orifice, there-
fore, must always be kept very hot during the fusion, to prevent its
being closed up by some of the fluid mass solidifying around it.

The use of the hydrate of potash, which of all decomposes quickest
the chromic iron ore, involves several inconveniences. The commer-
cial article always contains more than its water of hydration, in conse-
quence of which it fuses at a low temperature, and then boils very
noisily in losing its excess of water. Moreover, it attacks the platinum
so powerfully in a lengthy fusion, that no crucible of ordinary thick-
ness could survive a great many of these.

The carbonates of potash and soda are much more manageable;
and there -are cases in which they cannot well be dispensed with,
as will appear hereafter. They do not sensibly corrode the platinum,
but their strong effervescence with some ores is somewhat troublesome.
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In most cases I now confine myself to the use of nitre alone, which I
find to answer the purpose perfectly. The anhydrous potash formed
by its decomposition at a high temperature, has very little effect on the
platinum, — incomparably less than the hydrate, and the action on the
ore is nearly or quite as rapid as in presence of the carbonates.

‘When after this fusion, the mass is lixiviated with water, most of the
bases remain either in the free state or in combinations insolable in an
alkaline solution.

‘When the alkaline earths are present, (whmh in a fiision with nitre
would in many cases remain in the caustic state,) the chromic acid
will be rapidly withdrawn from the alkaline solution. to form insoluble
chromates ; it is necessary, therefore, to combine those bases with some
other acid forming an insoluble salt with them. In this case some car-
bonate of potash or soda may be used together with the nitre, since
the carbonates thus formed remain unaltered in an alkaline solution of
chromic acid.

‘When lead, tin, bismuth, or cadmium is present, the complete sepa~
ration of the chromic acid is more difficult. Chromate of lead may
indeed be decomposed by fusion with nitre or carbonated- alkalies ; but
as soon as water is added to the fused mass, the reverse decomposition
takes place, the lead assuming the chromic acid, and leaving carbonate
of alkali in solution. Even the sulphate of lead is convérted into
chromate by contact with a solution of alkaline chromates. With the
other metals mentioned, the case is similar.

The separation may, however, be successfully eﬂ‘eeted, when in the
fusion opportunity is given to the oxides of forming silicates. When,
therefore, as in most cases, the ore itself does not contain the requisite
amount of silica, the latter must be added in the flux. When chromate
of lead is intimately mixed with an excess of finely divided silics,
either precipitated, or, better still, such as is obtained from fluosilicic
gas, the decomposition, in the fusion with nitre, is complete ; the sili-
cate of lead formed does not retain a trace of chromic acid, when
washed with water. Tin and bismuth behave in precisely the same
way ; I have not tried cadmium, but it can be foreseen that it would
act similarly. It will be observed, that the introduction of silica into
the flux can also be applied to the case of the alkaline earths, which, in
some cases, might be preferable to the use of the carbonates. A basic
silicate of potash, of course, remains in the alkaline solution; and with
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it most of the acids that may have been present in the ore, as such, or
formed by fusion, namely, chromic, vanadic, manganic, molybdic, tungs-
tic, titanic, tantalic, niobec, antimonic, arsenie, phosphoric, and some of
the other non-metallic acids. As for the silicic acid, it is easily got
rid of by adding to the solution, before filtering, nitrate or carbonate
of ammonia. The manganic acid is, at the same time, thrown down
by the addition of some alcohol — ngt acetic acid —since that might
dissolve some of the bases, and would, besides, unnecessarily neutralize
the solution. Afier filtering the solution, it remains to bring the chro-
miom into some weighable shape, separating it at the same time from
the foreign substances still in solation. When none of the fixed acids
are present besides the chromic, the latter might be at once precipitated
by proto-nitrate of mercury in the neutral solution. The condition
but just mentioned would alone restrict the use of this method to &
small number of cases; but however convenient' and accurate, when
several hours can be allowed for the separation of the precipitate, the
results obtained fall short of the truth seriously, when, as in the field,
po such delay is admissible. In practice, therefore, we should probably
dispense with its employment altogether. When fixed acids are in
solution, & simple method of separation suggests itself, in the evapo-
ration to dryness and fusion of the residue with a mixture of carbon-
ated alkalies and cyanide of potassium. Most of the acids thus enter
into combination with the alkali, while the chromic acid is reduced to
the sesquioxide, and might, it seems, be obtained pure by filtration.
Unfortanately, however, the chromic oxide thus obtained always con-
tains a considerable amount of potash, which it will not part with on
ayy consideration short of a fusion with nitre; the quantity of potash
thus contained is, moreover, quite indefinite and variable. One more
filtration being about the greatest allowance still to be made if the
process was to be useful in the field, I had to reject several other meth-
ods on this consideration. Turning to the extreme opposite of my
first plan, I sought for a compound of chromium that should be insol-
uble in an acid solution of the accompanying acids. Among these, the
insoluble modification of chrome alum seemed to answer best, and I
have finally based the determination of the metal upon the formation
of this compound. It is well known that when solution of chrome
alum, rendered acid by oil of vitriol, is heated to 200° centigrade, a
light green powder is precipitated, the formula of which is also, KO,
12
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80; 4 Cr; Oy, 8 S0y — ashydrous chrome alum. This singular substanes
is almost entirely inert; it is perfectly insoluble in water, is not de-
composed by boiling acids, but may be slowly and imperfectly. decom-
posed by long boiling with potash ley. Even nitre attacks it with
more difficulty than it does the pure oxide. By ignition, it is con-
verted into a mixturs of chromic oxide and sulphate of potash, in the
eame atonic proportions as in thegeriginal salt. The transformation of
the chrome alum into this salt is not, however, complete at 200°; it is
only an indefinite quotum of the whole which thus passes into the in-
soluble state. When the solution is further heated, until the oil of vit-
riol begins to volatilize, the conversion is complete ; and upor dissolving
the mass in water, traces only of chromium remain in solution, while
a light green powder falls to the bottom. This has the same composi-
tion with the salt before mentioned, but it differs in being decornposable
by hot water, which gradually resolves it into sulphate of potash and
insoluble tersulphate of chromic oxide. The decompesition is slow,
and requires a long time for completion ; yes it begins very soon when
the temperature is raised. At ordinary temperature the salt is mot
changed by water. I have not had leisure to decide experimentally
whether soda and ammonia form a similar salt with tersulphate of
chromium. Their presence does not influence the result when an ex-
cess of potash salt is present.

The formation of the salt, as far as my experience goes, takes place

-quite independently of other acid substances present, so long ae there

is an excess of sulphuric acid or of bisulphate of potask; so that all
acids soluble in an acid solution of this kind, (to whieh other solveats
not otherwise interfering might, if necessary, be added,) niay be sepa~
rated from the chrome salt by mere washing.

The washing of this salt on the filter presents some difficulties. So
long a8 an abundance of other salts is held in solution by the liquid, the
precipitate remains powdery and does not clog the filter; but as soon
as the fluid becomes very dilute, the powder diffases and begins to pass
through the filter, which very soon becomes most effectually clogged,
putting an end to all filtration.

‘Washing with a saturated solution of sal ammoniac prevents the
diffusion and expedites the washing; yet it cannot thus be done in less
than three or four hours. The process becomes more expeditious
when, instead of immediately throwing the precipitate of the Slter, it is
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washed by the method of partial decantation, proposed by Rose; which
so essentially facilitates the washing, otherwise so tedious, of such pre-
cipitates as alumina, etc. The powdery chrome salt settles down
pretty quickly into so small a volume, that with even the small beaker
glasses of the blewpipe chest, a coefficient of progression as high as 25
or 30 is easily obtained ; so that after four or five deeantations, the
washing is complete, and the precipitate may be thrown on the filter,
dried and igaited.

‘Withal, this is eometimes & very slow process. I have occasionally
sueceeded in thus washing the precipitate m 35—40 minutes ; but some-
tinmes, from causes not always controllable, it requires a mueh longer
time to séttle ; or if the liquid be filtered while turbid, the filter be-
comes clogged, and then, in consequence of the large bulk to be filtered,
the operation becomes interminable. At the same time the quantity of
sal ammonidc neeessary to form so much of a saturated solution, is of
quite unblowpipelike proportions. I could find no other salt to answer
better, or even as well, as the chloride of ammonium.

I therefore attempted to involve the powdery precipitate of the
chrome salt in another one, which shonld settle quickly and take the
other with it ; being, at the same time, of such a nature as not to inter-
fere with the separations, and completely volatile in the ignition. The
method applied by Knapp and Arendt to.the washing of the ammonia
phospate of uranium, (shaking with a few drops of chloroform,) how-
ever well it answers for bulky precipitates, seems to be inapplicable to
powdery ones. Sulphuret of carbon did no better than the chioroform ;
nor any organic precipitate like gum arabic or glue by alcohol or tannin, -
and others I tried.

Resorting to the salts of mercury, (most of the persalts being soluble
in an acid solution,) I tried first the iodide, which answers pretty well,
but has the inconvenience of being required to be precipitated in con-
siderable quantity. The chloro-sulphide, such as is precipitated from
& solution containing an excess of perchlpride by a dilute solution of
sulphuret of ammonium, answers better ; and but a very small amount
need be thrown down to clear the liquid perfectly, when the washing
may be done either on the filter or by decantation, in the space of 8545
minutes.

It might be ohjected, that in case of the solution containing antimonic
oxide, arsenic, or molybdic acids, precipitable by HS, a precipitate of

N
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the sulphurets of these metals might be formed, the two latter of which
would subsequently increase the weight of the residue. Such a pre-
cipitate may indeed be locally formed ; but being acted upon by a solu-
tion of perchloride of mercury, an exchange of elements would take
place, by which the chlorides of those metals would pass into solution,
and still chlorosulphide of mercury would ultimately be formed. In
most cases, the flocculent olive-gmeen precipitate thus formed settles
quickly, leaving a clear supernatent liquid. The presence of some
substances, especially antimony, has a tendeney to prevent clear settling.

After washing, which must be done with a solution of corrosive sab-
limate, the filter is dried aud ignited. It is incinerated with great dif
ficulty, like filters containing the smmonia-phospate of magnesia — 100
of ignited residue correspond to 47.3 of chromic oxide. :

‘When ignition is continued too long, and with free access of air, at a
high temperature, chromic acid is formed, which unites with a part of
the potash present, expelling the sulphuric acid. If the ignition ia
continued before the glass-blower’s lamp, at a strong yellow heat, the
precipitate keeps losing weight steadily, and a considerable portion may
thus be converted into the chromate.

It is best, therefore, before weighing, to moisten the igunited residue
with a drop of sulphuret of ammonium, then drying and gently reig-
niting it. Any chromic acid formed is thus reduced, and the potash
reconverted into sulphate.

I shall now describe specially the mode of operating, with the modi-
fications necessary when certain of the metals or acids are present.

A. Fusior witH NITRE.

A. When neither Lead, Bismuth, Tin, nor Cadmium, ss present in
the Substance under Examination. — Such is the case among the min-
erals, with chromic iron ore and chrome ochre. Among the artificial
products, the commercial chrome green frequently comes under this
head ; but it is also very frequently mixed with foreign substances of
various kinds. .

The chromic iron ore must be reduced to the finest divisicn possible,
otherwise the decomposition remains incomplete, or the fusion is neces-
sarily very lengthy. The finest of the powder of the pure mineral may
be obtained by elutriation, by means of two beaker glasses. Qr else,
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the ore having been reduced to considerable fineness in the agate mot-
tar, it may be sifted through fine gauze tied over a beaker glass, so as
to form a shallow bag, over which paper is subsequently tied, so that,
in shaking.or striking the glass against the palm of the hand, the pow-
der is retaimed, and its finest parts, passing through the gausze, are col-
lected in the heaker-glass, But in mixed ores, formed of substances
differing much in their physieal properties, neither of these progesses ig
applicable ; and nothing remains bus to reduce them to the proper state
of comminution in the mortar. .

Chrome ochre and artificial ehrome green are oxidized with violence
by the nitre, and need not be 3¢ carefully comminuted.

Having weigbed off 100 milligrammes of the chromic iron ore, or
from 50 to 75 of the chrome ochre or chrome grees, the substance is
poured isto the small plitinum crucible, (which, like the clay ones, is
nsually supported on the amaller cupel iron,) and the latter placed on
the triangle of the iron ring of PLATTNER’S lamp. In the case of the
chramic iren ore, about three large spoonfuls of nitre are added at onoe;
the crucible is then oovered with the platinum torrefaction dish, in such
a manner that the orifice left for the escape of the gas is sideways; in
order that by a simple movement of the support ronnd its pivot, this
orifice may be approached to, or removed from, the flame. The spirit
lamp is then pravided with the iron chimmey, which in this case is best
set on the lamp iteelf; for which purpose it mast have three feet, about
five millimeters high, attached at its base, 50 as to admit a current of
air. The flame is .so.adjusted that the point of the laminous cone is
slightly truncated by the bottom end of the crucible.

The heat thus produced is fully sufficient when nitre alone is em-
ployed ; if raised higher, so that the upper rim of the crucible becomes
wery hot, the nitre ascends by capillary attraction, and then spreads
over the outside of the cracible, until it reaches the triangle wires; in
which case, if these are iron, the process must be abandoned. By
using a triangle of platinum, this danger would be avoided, since that
might subsequently be washed off like the crusible itself. Such a tris
angle would be particularly useful in long fusions, where an effiores-
eonce of ¢he nitre on the outside is unavoidable; although, unless the
heat is unnecessarily raimed, the difficulty may easily be avoided in
most cases. The lamp being placed on the circumference of the circle
in which the support moves round its pivot, the crucible is moved over -

12¢
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the flame and left until the effervescence of the nitre can be distinctly
heard, when it is quickly moved to one side, so as to allow the flame
to play mainly on the orifice side of the crucible. In this way it is
very easy to regulate the action in such a manner that no loss may
accrue from excessive effervescence. Even if the molten mass should
rise 80 as to touch the cover, it cannot lift the latter off so long as the
orifice is sufficiently large and kept very- hot.

In chromic iron ores, the effervescence generally ceases very soon ;
the crucible may then be moved vertically above the flame, which may
also be raised a little, and the whole left quietly for about twenty-five
or thirty minutes, at the end of which, if the ore has been sufficiently
comminuted, the decomposition is complete; the erucible -is removed
from over the flame and left to cool. The oxidation of the chrome
green is so rapid and violent, that if the whole of the nitre were added
at once, loss would be unavoidable. To fifty milligrammes of this sub-
stance, therefore, only about half a spoonful of nitre must be added at
first ; the whole 18 then heated with the precautions before described,
the nitre being added by half spoonfuls, and no sooner than the effer-
vescence caused by its predecessor has completely subsided. At each
of these interruptions, the cover is lifted off while the mass-is fluid, by
means of the pincers, which must be quite clean at-the points, so that
if any thing should adhere to them they may subsequently be washed
off into the principal solution. Great care must be taken not to lose
any thing from the cover, to the lower surface of which a large drop is
generally adhering towards the end of the fusion; it must not there-
fore be laid down, but kept in hand; the mass remaining in the cru-
cible is allowed to cool until the surface solidifies, before the nitre is
added. If dropped into the melted mass, small particles are frequently
thrown out of the crucible. ‘When, on account of the presence of alka-
line earths, carbonate of soda or potash requires to be added (a spoon-
ful being about as much as is ever required), it may be thrown into
the crucible at once, with the first dose of nitre. Such fasions require
& higher temperature than when nitre alone is used, and there is less
danger of loss by efflorescence. A little experience easily enables one in
most cases to judge when enough nitre has been added, and-the oxida-
tion is complete. In the chramie iron ore, no criterion for the comple-
tion of the process is available, save subsequently: wsdng the washed
residue for chromium.
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- b. When lead, bismuth, tin, or cadmium (esther or all of these met-
als), 3 present in the ore.— To this class belong the yellow-lead ore,
vanqulinite, and a*few rare minerals; besides, mixed ores containing
these; and of artificial products, chrome red and chrome yellow;
chrome green also sometimes is mixed with carbonate of lead. 100
milligrammes of such substances having been weighed off, are trans-
ferred to the agute mortar, and there intimately mixed with fine silica,
of which an excess must be used, involving different quantities accord-
ing to the state of division it is in. Of silica obtained in the prepara-
tions of hydrofiuosilicic acid, three to four spoonfuls, as full as may be,
are requisite ; it loses its voluminosity in mixing with the ore. Of sil-
ica, such as is usually obtained in analysis, about the same nominal
amount, or a little less, may be used, —its spoonfuls being only about
half the volume of those of the former; at the same time, not being
so finely divided, it does not act so readily, and proportionally more is
required. After mixing the ore thoronghly with the silica, two heaped
spoonfuls of nitre are added and triturated with the mixture. This
serves to remove or loosen most of what has adhered to the mortar and
pestle. The crucible is then set on the triangle, a spoonful of the mix-
ture thrown in, and the process conducted as before described, adding
a spoonful of the mixture at a time. When all has been removed
from the mortar as far as the spoon will do it, half a spoonful of nitre
is thrown into the mortar and triturated, removing, as much as possible,
all that still adheres. The nitre is then transferred to the crucible,
and the same operation performed with three more half spoonfuls.
The mortar is thus effectually rinsed, and all the ore removed. When
the decomposition is complete, the fluid mass may be observed to be
pexfectly clear in the centre, while to the sides and bottom of the cru-
cible flakes of silicate are adhering. During the cooling it is generally
easy to see whether or not the chromate has been perfectly decom-
posed, for while the flakes of the silicate appear white or yellowish,
and evidently colored by the flux alone, undecomposed particles of
metallic .chromate will appear dark red, and pass into orange yellow
on cooling. When, in consequence of incomplete mixture or an inad-
equate supply of silica, such particles are still to be seen in the mass,
po further addition of silica will remedy the evil, and the process has
to be repeated with another quantity of substance.

After such fusions, the sides of the crucible frequently appear black-
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ened, but this does not seem to injure them. In most cases, ignition
alone, and in all, fused bisulphate of potash, will remove the discolor~
ation.

Most of these fusions, always excepting that of the chromic iron ore,
can be made in the space of from five to ten mimates. When per-
formed at a high temperature, it sometimes happens that much of the
nitre is volatilized, and the mass remains almost dry, When this hap.
pens it is always best to add another spoonﬁ:l, lest the decomposition
might have remained incomplete.

B. FurtHER TREATMENT OF THE MELTED MAss.

In but a few cases the fused mass will dissolve in water without
leaving an insoluble residae, from which it must be separated by fil-
tration. If manganese or silica were present, they will in part have
passed into solution, and must be removed before filtration. The
manganate of potash is easily removed by the addition of & few drops
of alcohol ; in most cases it would be destroyed, and the manganese
retained, by the paper of the filter. When, as in the majority of cases,
perhaps, there was silica present in the ore, a part of it may usually
be supposed to pass into the aqueous solution, from which it is best
removed by either nitrate or carbonate of ammonia.

The former rather deserves the preference over the other, for corm-
pleteness of precipitation. But a solution in which 870, has been pre-
cipitated by AmO, No; will not filter well unless previously either
shaken or boiled ; stirring alone will not readily induee the SiO; to col-
lect in flakes. When there is any objection to heating the selution, as
when antimony was present in the ore, the crucibla and cover, after
baving cooled down sufficiently, are tramsferred by means of the pin»
cers, to a small beaker containing about one quarter in¢h high of water,
and is there ieft until the mass is dissolved ; the solution is then poured
off into a test tube, of which it fills about two thirds ; it is not neves~
sary to rinse the beaker, since what little remains in_ it will not after-
wards interfere with the filtration. A spoonful of nitrate of ammonis
is then added, and closing the test tube with the thumb, it is well
shaken. Subsequently the solution is poured back inte the besaker, and
test tube and thumb well rinsed. When, as in - most-cases, the boiling
of the solution is admissible, the solution of the melted mass may be



- PHYSICS AND CHEMISTRY. - 141

aecelerated, while, at the same time, the silica is more safely pre-
cipitated, by boiling it, crucible and all, in the same vessel which
subsequently serves for evaporation, and which will be presently de-
seribed.

‘The boiling need not be continued longer than half a minute, after
which the solution is poured over into a beaker, the crucible and cover
being likewise transferred by means of the pincette. The evaporating
wvessel and its cover are rinsed as economically as possiple, and set up
for evaporation ; which is to be carried on simultaneously with the
filtration.

The filter used ought not to be too small, otherwise the operation
becomes too lengthy. When, in washing a precipitate, the rapidity of
filtration of  the fluid falls short of a certain ratio, it becomes disadvan-
tageous to wait for the draining of the last few drops, which, in conse-
quence of the decrease of hydrostatic pressure, may require as much
time as the nineteen twentieths which have preceded them. The same,
of course, applies to amall filters. A two inch filter is about the aver-
ago size I have foupd mest advantageous in present instance.

So soon aa the principal solution has passed through the filter, it is
transferred to the evaporating vessel, which I must say a few words
about. The evaporation must be done in the same vessel in which,
subsequently, the fusion with bisulphate of potash is to be effected. A
common porcelain blowpipe dish answers the purpose imperfectly; it
is generally too amall; and no one vessel will resist many fusions of the
bisulphate in it; besides, it requires a long time to cool. But, above
all, it has the inconvenience of obliging the evaporation to go on very
slowly, for fear of loss by spirting. The evaparation may be per-
formed very safely and expeditiously in a little glass flask, with a neck
about two and a half inches long; the fluid may then be kept in a state
of violent ebullition without fear of loss, if the flask is not much above
half full. It is not easy, however, to find a glass that resists repeated
evaporations and bisulphate fusions, and thus the experiment is fre-
quently lgst. I find that all these objections may be obviated by using
28 an evaporator a platinum dish, of the same form as the porcelain
omes, but somewhat larger and higher. On this is set a small bell
glass, shaped like the upper half of a champagne bottle, open at the
top, and of such a diameter at its base as to fit the platinum dish just
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at the point where the curvature of the rim begins, as shown in fig. 1,
which represents the whole in half size. The dish
being set on the grate, placed at the proper height
for the spirit-lamp flame, the little bell glass cover
is clamped by its neck into a holder (fig. 2, full
size), which in its turn is clamped into the arm
which, at the same time, carries the filtering sup-
port ; both must, therefore, be put on before the
filtration begins.

In this evaporator, which is useful in a great
many other operations, the fluid may be kept boil-
ing violently all the time, even when the dish is
filled up to nearly where the glass is set on. The
seam where the two meet is closed up with fluid
by capillary attraction, and there is no danger
whatsoever of any loss occurring there, unless the
lamp is eo placed as to beat the rim itself and make the fluid boil there.
Nor does it matter if the froth inside rises up to the neck of the glass

Fig. 2.

Fig. 1.

cover; the whole mmy in fact be considered as a close flack. The
evaporation usually goes ahead of the filtration ; from time to time, a8
the filtrate accumulates, it is poured into the evaporator from above,
the Jamp having for a moment been removed. The fluid ought to be
poured into the middle, so as not to touch the glass.

When an alkaline solution of chromate of potash and nitre is evapo-
rated in this manner, some of the salt usually efloresces op the rim,
causing inconvenience, and liability to loss. To prevent this it is best
to add the sulphuric acid and bisulphate of potash before the evapora-
tion begins. The oil of vitriol is added, drop after drop, until the yel.
low color of the solution changes to orange, and after that, four or five

~
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drops more. The amount of disulphate to be added varies according
to the amount of nitre that has been previously used; three to six
or seven heaped spoonfuls are the average — an excess does no harm.

The last two drachms, or thereabouts, of the flltrate are reserved
until the fluid in the evaporator has been reduced nearly to the point
when the oil of vitriol begins to volatilize, and heavy fumes of nitric
acid are seen to pass off. The bell cover is then removed by raising
the arm that carries it so far as to allow of moving it sideways from
the dish. It is then unclamped and rinsed into the dish by means of
the remaining part of the flitrate, first on the outside of the lower ex-
tremity, then, being inverted, on the inside, like a funuel ; finally, a fow
‘drops of distilled water from the dropping bottle finisk the progess.
Tt is well also to wash down what may have effloresced on the rim of
the basin; all these washings ought not to fill the latter more than one
third full. In order to perform the rest of the evaporation and the
subsequent fusion quickly and safely, the basin is now covered with
a platinum cover of watch-glass shape, which must be smaller than the
outer circumference of the rim of the basin. The boiling process is
then resumed, the flame being somewhat lowered so as not to make the
ebullition too violent; there is generally very little danger of any loss,
unless the cover fits too tight. After some time, a frothing noise com-
mences inside, announcing that the last of the water is escaping, and
shortly after sulphuric acid fumes appear. At this period the mass in-
side forms a beautifully green syrupy liquid, which, on cooling, crystal-
lizes; but on being further heated, it suddenly turns of a peach-blossom
color, and becomes turbid with the double salt of chrome and potash.
The heating is continued until dense fumes cease to be evolved, when
only fused bisulphate of potash remains. The lAmp having been re-
moved, the cover is rapidly lifted off with the pincers, taking care not
to lose any of the fluid mrass which may be adhering to its lower sur-
face ; being allowed to cool an instant, it is Iaid inverted on the bottom of
one of the porcelain dishes turned upside down. The basin is then
seized by the rim, and, while the salt is still fluid, it is inclined and
turned round and round, so as to spread the mass as much as possible.
After it has solidified, the basin being replaced on the grate, six to eight
drops of oil of vitriol are added, the cover is put on, and the vessel again
heated until dense fumes of the acid rush out from under the lid. Re-
moving the fire, the operation before described is repeated. The mass
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will now be found to remain fluid much longer; it may be rapidly
cooled by dipping the bottom of the vessel in water, always taking care
to spread the mass as much as possible. When perfectly cooled, it is
of a light green color ; if any peach-blossom colored partieles are ob-
served, it is a proof that too little potash has been used ; more must
then be added, together with some drops of sulpharic acid, and the
whole reheated until the SO, is driven off; after which the mass is
softened as before. It ought to remain soft enough to be readily dog
up with a spatula or glass rod. If quite hard, it would take a long
time to dissolve it in water, since it must not be heated ; if too soft or
quite fluid, so much heat would be evolved in dissolving it that the
composition of the precipitate might be changed. In either case, there-
fore, the mass must be reheated, either to volatilize the excess of acid,
or, having added a few drops more, to incorporate these with the rest
of the mass. Not unfrequently a tough, green syrup is thus obtained,
which very readily dissolves; at others, the mass is soft, but solid and
crystalline. Next, the cover being taken up with the pincers, it is
rinsed off with the washing bottle into a beaker glass. What part of
the mass adheres to it is generally very soft and- dissolves easily, econ-
taining as it does an excess of acid. So much water may be used for
this purpose as will half flll the beaker ; for to the masn portion of the
mass 80 much water must be added at once as to prevent entirely its
getting sensibly heated, and for the same reason it is advantageous to
scratch up and divide the mass as much as possible. A small platinam
spatula, made of a piece of thick wire, is of great service in this and
-many other processes ; it also injures the platinum basin less by scratch-
ing than a glass rod.

‘When all is dissolved (which, by aid of stirring and scraping, may
generally be effected in the course of a minute), the solution, with the
precipitate, is poured back into the beaker. Should .any undissolved
portions remain in the dish, they are loosened and then washed off by
some of the solution, which is poured back for the purpose. A little more
water is subsequently poured into the platinum dish, and the index fin-
ger of one hand (clean, of course,) is used to rub off from the bottom
and sides such parts of precipitate as still adhere. I must here ob-
serve, that, unless the inner surface be kept very clean and smooth,
some of the chrome salt may remain adhering so firmly as to resist all
the rubbing that can be applied; it must be removed by-fusion with
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saltpetre. As for the index finger, I know nothing to supply its place
in cases of obstinate precipitates, and it is generally much less liable to
occasion loss than a feather. The turbid fluid is then poured over into
the beaker. Further rinsing may be deferred until the first liquids
have passed through the filter.

About one third, or even less, of an even spoonful of powdered
HgCl is now added, and rapidly dissolved by stirring ; afier which,
seme very dilute Am S, is added, drop by drop, taking time between
each to stir violently for a little and observe whether or not the fluid
is clear above the flakes of chlorosulphide of mercury, which colleet
and encase the powdery chrome salt. The clearing generally takes
place when the precipitate becomes of an.olive tint, when but a slight
excess of Hg €1 remains. Great care must be taken to have all the
precipitate well stirred up, for if a little of the chrome salt happens to
remain at the bottom, it afterwards diffuses itself and gives trouble.

The flakes of the chlorosulphide settle slmost instantly, and the fil-
tration may be begun at once. I generally use two-and-a-half-inch
$ilters, either of Swedish, or other filtering paper which has been ex-
tracted with acid, s0 as to give as little ashes as possible, and sufficiently
constant in the same paper. In filters as small as these, advantage may
be taken of the circumstance that the filtration is considerably aecel-
erated when the filter does not fit closely to the funnel. I use small
funnels made before the lamp, inclosing an angle of only about fifty
to fifty-five degrees. When a regularly made filier is put into one of
these, the upper edge may be adjusted closely, as it always ought to be;
but its sided will gradually diverge from those of the funnel, and thus
the greater part of it will hang freely inside ; the weight of fluid being
too small to break down the paper.

‘When the first solution has passed through, the precipitate. is gener-
ally best thrown on the filter and washed with solutien of sublimate, a
small dose of which is put on the filter each time before the water is
poured on, not forgetting, of course, to rinse both the platinum dish and
the beaker. This is always best done with the washing bottle, using a.
powerful stream, so as to stir up the precipitate as much as possible.
In this way the washing may generally be finished in from thirty to
fortysfive minutes, its completion being annennced by either the evapo--
ration test, or by a small granule of chloride of barium, added to a portion
of the filtrate collected in a test tube not producing any mo:d turbidity ..

18.
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It is desirable that the precipitate should be spread over the surface
of the filter as much as possible, and not collected in the lower part of
it. When the last of the water has drained off, the filter being raised
with the pincers on its tripled side, is cdrefully taken out and laid on
the one half of a piece of blotting (or filtering) paper doubled several
times. The paper is then doubled over the filter and pressed between
the fingers, gently at first, 80 as not to squeeze out any of the precipi-
tate. When dried as far as feasible in this way, it is doubled up .in
the usual manner, so as to form a small square package, which is fur-
ther pressed between the paper, so as not only to lose most of its wa-
ter, but also to remain firmly doubled. In view of this, it is well to
avoid the lower end of the filter being outside ; usually containing, as it
does, most of the precipitate, it easily bursts open, and endangers the
experiment.

The filter is now pressed into the platinum torrefaction dish ; it may
be carbonized, and most of the mercury volatilized over the spirit-lamp
flame, being set outside into some place where the fumes ean escape
without molesting the operator. This done, & charcoal furnace is pre-
pared in the same manner as when a copper ore is to be roasted, and
the dish being set on the ring, the whole is heated by the blowpipe
flame, with which it is easy to create such a draught of air as to quickly
burn the filter, especially when, after incinerating the upper side, it is
turned and broken up by means of a spatula, the vessel being, of course,
taken out, and set on a piece of white paper to avoid loss:

When the incineration is complete, the torrefaction dish being re-
moved, the furnace door is closed, and a charcoal furnace cov®r prepared.
The incinerated mass is then transferred from the torrefaction dish (in
which it lies quite loosely) to the platinum crucible, previously coun-
terpoised on the balance together with a small platinum wire tripod,
which serves to keep it upright on the scales (fig. 3, fall
size). It is advantageous to have a very thin crucible
expressly for this purpose, so as to avoid weighting the
balance too much; for in order to resist the fussons,
the crucibles used for these must have some thickness
of metal. The crucible, being set on the ring, is cov-
ered with the dish, the furnace cover put on, and as
high a temperature as possible kept up for five to six minutes. After
this, the precipitate will appear of a full green color all over, exeept

A :

Fig. 8.
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some parts which may be semifused. A piece of carbonate of ammo-
nia may be put in, and the heating resumed until it is volatilized ; but
if a full heat has been given, so as to make the flame dart out at thé
chimney hole, there is no need of this precaution. The crucible, being
taken out, is set on the triangle of the lamp, and a drop of concen-
trated Am. S; (sulphuret of ammonium) is left to fall on the porous
mass, which instantly absorbs it. It is then cautiously dried over the
spirit-lamp flame, and finally ignited, so as to drive off all the sulphur.
If any chromate had been previously formed in the ignition, it has
been thus destroyed, and the weight of the substance thus treated, de-
ducting the filter ashes, may at once be taken as correct.

One hundred of ignited residue eorrespond to 47.8 of chromic oxide.
The result may be verified by washing the residue on the filter until
the sulphate of potash is dissolved, when the chromic oxide may be
ignited and weighed. After deducting the filter ashes, the result will
be found to coincide very néarly with that deduced from calculation;
generally a slight excess is thus found. In repeating seven or eight
times the determination of twenty-five millegrammes of chromic oxide,
mixed with various other substances, and varying the circumstances
a good deal, the results never varied more than 0.1 of a mille-
gramme. In reading the detailed and circumstantial description, it
may appear to some that the process itself must be lengthy and tedious.
In practice, however, if all the precautions be observed, a determina-
tion of chromium may, in most cases actually occurring, be performed
in the course of one and a half to two hours.

It only remains for me to mention a few precautions, necessary in
particular cases; some of which, it is true, hardly ever occur in prac-
tice. It is sometimes the case that in the first filtration, the filtrate
comes through turbid after the solution has become dilute. When this
happens with substances containing tin or bismuth, it is a sign that a
sufficient amount of silica bas not been added in the fusion. It always
happens when antimony is present, and may be avoided by throwing
some nitre on the filter.

In general, when any of the metallic acids are present, it is advis-
able to render the sulphate solution more strongly acid, by adding a
few drops of oil of vitriol, after solution has taken place. It is also
best to wash somewhat longer, especially in the case of phosphoric
acid.
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Phosphorie, arsenic, boric, and molybdic acids require no precautions
beyond those just mentioned. The same is probably true of the titanic,
which I have not experimented on, for want of material.

Tungstic Acid. When this acid is present, it is precipitated from the
acid solution, and causes violent bumping during the evaporation. It does
not interfere with the formation of the chromopotassic sulphate. On dis-
solving the fused bisulphate mass, the tungstic acid prevents entirely
the diffusion of the precipitate, which appears flocculent, and settles
easily, so as to render superfluous the use of the mercurial salt. After
the main solution has passed through, the filter is washed with water
once or twice ; 8ix or eight drops of strong ammonia are then succes-
sively dropped on the filter ; and after waiting a few minates the filter
is filled up with solution of sal ammonia. Subsequently the washing
is completed with the same solution, (which need not be saturated,) to
which some drops of caustic ammonia have been added.

The tungstic acid is thus completely removed, and an accurate result
obtained.

Antimontc actd. After the fusion with nitre, the solution must be
effected without boiling, and after addition of nitrate of ammonia, the
liquid must be shaken in a test tube, to make the silica collect. The
filter must be washed with solution of nitre.

After the bisulphate fusion, a spoonfal or two of tartaric acid are
thrown into the beaker before rinsing into it the cover of the platinum
dish. The solution is kept very acid, and plenty of corrosive subli-
mate used in washing.

I have not experimented on selenic and telluric acids; but it is prob-
able they would cause no difficulty. Zantalic and niobic acids would
seem to require a third filtration ; however, they are not likely to give
much trouble by their frequent occurrence.

Vanadic acid I have not had an opportunity of investigating, but it
would seem that it would also be separated, in the ordinary course of
the operation. If present, the larger part of it would be remeved m
combination with ammonia, while precipitating the silica from the
nitre solution.

When magnesia is present, which after fusion with nitre would be
left in the pure or carbonated state, the nitrate of ammonia may dis- -
solve part of it in boiling the floid. In most cases this does not essen-
tially interfere, since the sulphate of magnesia is soluble; still, when a
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great deal of this earth is contained in the ore, it is best to add silica,
as in the fusion of ores containing lead.

If the ore contained copper, and no silica was added, yellow flakes
of chromate of copper appear when the mass is dissolved. In this
case a little caustic potash is added, and the solution boiled. The yel-
low flakes then contract into black scales of oxide, which retain no
chromic acid.

The presence of iodine, bromine, chlorine, or fluorine in the ore,
would interfere, inasmuch as the platinum evaporator would be attacked
by them. When the chromic oxide alone is present, the halogens may
be expelled by a fusion of the ore with a small quantity of bisulphate
of potash, previous to that with nitre, and executed in the same vessel.
This cannot be done when chromic acid is present, since then the vola-
tile oxychloride, fluoride, etc. would be formed. I have not devised any
ready general method of separation in this case, which, however, is of
rare occurrence. In the presence of lead or other reducible metals,
the chromic acid cannot easily be reduced by oxalate of potash, with-
out endangering the platinum crucible; in many cases, however, the
difficulty might be overcome by the use of that salt, previous to the
bisulphate and nitre.

IV.” PHYSICS OF THE GLOBE.,

1. TaE INFLUENCE OF THE GULF STREAM UPON THE SUMMER
CLiyMaTE OF THE ATLANTIC CoAsT. By DR. JAMES WYNNE,
of New York.

THE object of this paper is strictly hygienic. The medical prac-
titioner is constantly called upon to give an opinion as to the adaptitude
of summer resorts for his patients in such & state of health as to require
a change of air or climate. To those who resort to the seaside, as, in-
deed, to those who go inland, the proper or improper selection of the
locality may be a matter in, which life and death are held in the bal-
ance ; and any light thrown upon this subject will, I am well acsured,
be kindly received by tbe medical profession, and promptly acted on

by their patients.
13+
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The recent examinations conducted by the officers under the direc-
tion of the Superintendent of the Cosst Survey have shown that the
bottom of the Atlantic Ocean presents & range of mountains pursuing a
similar course to the Appalachian chain, some distance back from the
coast. These examinations have not yet been completed ; but so far
as they have been prosecuted, they clearly demonstrate the continuity
of this chain of submarine mountains, and its general course.

The effect of this configuration of the bottom of the ocean over the
temperature of the water is clear and uneqnivocal. The whole exteat
of this influence has not yet been determined, but thus far it shows that
the Gulf Stream is not one vniform mass of warer water, pursuing s
narth-easterly direction along the coast, at & pretty uniform distance
from it ; but a series of bands of warm water, interspersed with colder
ones. These have been laid down by Professor Bachie with precision
in his map delineating the distribution of temperature of the Galf
Stream. An underlying polar current of cold water, even in the more
southerly explorations, is likewise tlearly established. The position of
this mountain chain in affeeting the temperatare of the air along the
coast, as well as the water overlying it, has been as clearly demon-
strated. .

Lieut. Maury, in his pilot chart of the North Atlantic, has recorded
the direction of the wind for each mounth in the year with great accuracy.
The information contained in his chart is taken from the most authorita-
tive sources, and, in some instances, extends back as far as 1810. This
chart subdivides the ocean into squares of five degrees each of latitude
and longitude, and the monthly observations within each subdivision are
made to extend over this surface. For the purpose of the present in-
quiry, subdivisions of a single degree would have afforded greater defi-
niteness ; but the facts, deduced from the chart as it is, are of the
highest value. ' As this inquiry is confined to the summer months,
when invalids in search of health, or those who are well in pursuit of a
more temperate air than is to be found in the cities, or even in rural
districts, visit the sea-shore, the deductions from the chart will be cen-
. fined to the months of June, July, and August, and to that portion of
the Atlantic stretching along the sea-coast. ’

In the subdivision between lat. 30° and 35°, and lon. 70° and 75°,
embracing the sea-coast from St. Augustine, in Florida, to Cape Hat-
teras, in North Carolina, there were made ninety-mine observations of
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winds in the month of June. Of these forty-one, or nearly one half,
were from the south and south-west. In July, eighty-four winds were
voticed, of which fifty4wo came from the south and south-west. In
Angust, one hundred and thirty-eight, of which sixty came from the
south and south-west. .

In the subdivision embracing lat. 35° to 40°, and in lon. 70° to 75°
extending from Cape Hatteras to Cold Spring, New Jersey, three
hundred and fifty winds were observed in the month of June, of which
one hundred and forty-three were from the south and sonth-west. In
July, three hundred and ten, of which one hundred and sixteen came
from the south and south-west. .In Awgust, three hundred and sixty-
six, of which one hundred and twenty-three were from the south and
south-west.

In the subdivision between lat. 40° and 45°, lon.70? and 75°, embracing
Long Island and the southern exposure of the New England coast. In
June, two hundred -and thirty-one winds were noted, of whieh one hun-
dred and eight came from the south and south-west. In July, three
bundred and eight winds, of which one hundred and sixty were south-
erly and south-westerly winds. In -August, one hundred and eighty-
three, of which sixty were from the south and south-west.

These are the facts.. The deductions from them are important. It
appears from these observations, that of the prevailing winds in the
sammer moaths, never less than one third of their number, and, in
many instances, one half, come from the south and south-west. It
piust be remarked, that the winds noted were sailing winds with some
degree of foree, and not the slight ruffling wind, which, although insuf-
ficient for the purpose of rapid sailing, is yet most grateful in its effects
over the health and comfort of those sa circumstanced as to come within
its range. The usual direction of this lighter breeze on the Atantic
in the summer months is from the south and south-west, directly over
the current of warm water comprising the Gulf Stream. The winds
from' this quarter are, for the most part, gentle, balmy, exhilarating,
and peculiarly happy in their influence upon the human body. Those
from the north and east, on the contrary, are violent, raw, and depress-
ing. While the former should be courted by the invalid, the latter
should be as sedulously avoided.

It by no means follows that the wind on shore is the same as that
upon the ocean. A very slight obstruction, as an intervening range of
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hills or indentation of the coast may leave any particular situation in
calm, or subject to the influence of a less grateful wind, while the
whole surface of the water is swept by a delightful air from the south
or south-west. An example of this may be given in the Highlands of
Navesink, situated a short distance from New York, and immediately
behind the light-house on Sandy Hook point. These highlands, whase
sides are covered to the water’s edge by a rich growth of vegetation,
and are highly picturesque in their effeet, are shut off from the south-
westerly ocean winds by a small promontory; the effeat of which is to-
render the air upon the sheltered localities calm and oppressive, while
on the sandy point, directly in front, and scarcely more than a stone’s
throw distant, it is agitated by a balmy and refreshing breeze.

The traveller over the New York and New Haven and the New
Haven and New London Railways, which pursue an easterly course
along Long Island Sound, caonot fail to remark the perceptible differ-
ence almost always observed in the temperature, after leaving New
Haven for the East. However exalted the temperature may have
been, or oppressive the condition of the atmosphere between New
York and New Haven, yet he is almost certain to be met by ‘a delight-
fal ocean air from the south-west a few miles east of New Haven, and
which accompanies him on his passage to New London. This is due
to the configuration of Long Island.

Near New York, the northern shore'of Long Island rises into eleva-
tions of greater or less extent, but sufficiently so, at most places, to in-
tercept the sweep of wind from the ocean on its southern border.
These elevations gradually diminish in an easterly direction, until a
point is reached a few miles east of New Haven, where the whole
island becomes flat and sandy, and but a few miles in width. This
low plateau offers but slight interruption to the progress of the south-
erly ocean winds, and allows them to play over the surfage of the
water in the sound itself, and fan the opposite New England coast.

1 do not purpose to institute a comparison into the various places of
summer resort along the sea-coast, but merely to present the facts on
which the advantages or disadvantages of any particular locality may
be examined and decided. The greatest advantage, so far as air is
concerned, is a free exposure to the south and south-west, and a cor-
responding protection from the north and north-east. This protection
from north-east winds is of the greatest importance in diseases of de-
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bility, or where the nervous system is at fault. I have often seen the
good effects of sea air of weeks rapidly dispelled by exposure to a
barsh north-easter of a day or wo’s continuance ; and I would add, that
what is beneficial in a state of disease, is equally so in a state of
health.

The islands off the coast of South Carolina, as well as the coast of
North Carolina, Virginia, and New Jersey, have a greater or less south
and south-western exposure. Within these limits are found Old Point
Gomfort, Cape May, and Long Branch, which have great celebrity as
sea-side places, and attract large numbers of visitors. Each of these
places is subject, however, to the depressing effects of north-easterly
gales. The more southerly points are less affected from this cause
than the more northern.

The whole stretch of Long Island on its southern side, which is at
present, with but few exceptions, little better than an inhospitable sand-
bar drifted up from the waves of the ocean,— that portion of the
Connecticut coast to which we have alluded east of New Haven, as
well as Rhode Island and a part of Massachusetts, enjoy in the highest
degree the advantage of exposure to the south and south-west, and are,
at the same time, best protected from the winds from the north-east.
Newport, with many disadvantages, not the least of which is the com-
pactness of its houses, and their almost total exclusion, in the more
populous part of the town, from a sea-view, enjoys a world-wide repu-
tation as a seaside residence, for which it js wholly indebted to the
salubrity of its air, derived from its sheltered position on the one side,
and its free exposure upon the other. .

Many sheltered positions may, doubtless, be found on the coast south
of Long Island, uniting many, if not &ll, the advantages already pointed
out, which it is earnestly to be hoped will be discovered and improved.
The advantage of seaside resorts, in such positions as to render them
available for those whose occupations or means do not permit them to
take long journeys, cannot be too highly estimated.

’
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2. FLucTuaTIONS OF LEVEL IN THE NORTH AMERICAN LAKES.
By CrARLES WHITTLESEY, of Cleveland, Ohio.

SiNcE the year 1838, 1 have observed the changes of level that
occur in Lake Erie and Lake Superior, and have collected, so far as I
know, all the observations made by others on these and other lakes.

These observations go back to the year 1810, with considerable reg-
ularity ; and beyond that date to the year 1796, we have some infor-
mation that may be relied upon. The results are in the course of pab-
lication by the Smithsonian Institute, and for this reason, I do not now
propose to do more than call the attention of the Association to one
phase of the phenomena of fluctuation.

During several years I have been enabled to make, or have been
able to procure from others, daily, or in some cases tridaily, readings
of the stage of the water. Of this kind, the most valuable and the
most complete are those of Col. T. B. Stockton, and Geo. C. Davies,
Esq., of Cleveland ; John Lothrop, Civil Engineer, Buffalo; and M.
P. Hatch, Esq., of Oswego, New York; Gen. Henry Whiting, A. E.
Hathan, and Dr. Donglass Houghton, of Detroit; Capt. B. Stanard
of Cleveland, and Mr. H. T. Spencer of Rochester, under the direc-
tion of Prof. Dewey ;' and also Messrs. Wm. Finney and M. B. Sher-
wood, under the direction of John Burt, Feq., at the Sault St. Mary’s
Canal, have contributed valuable registers. There are, by these numer.
ous readings, three kinds of fluctuations found to exist, which are due
to distinct causes.

There is, 1st, A general rise and fall extending through long periods
of time, but without any regularity in the period; which I have styled
the secular fluctuation. .

2d. An annusl rise and fall, that occur regularly within the period
of each year, without reference to the general stage of the water, which
is called the annual fluctuation.

8d. A local, fitful, irregular oscillation, of a few inches to a few feet,
not to be predicted ; its period of oscillation being from three to five
minutes, and which continues from one to twenty-four hours. I have
no difficulty in explaining the general rise and fall in our lakes. It
occurs, no doubt, from the differe